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ABSTRACT

DESIGNING FOR NEW GENERATION ELECTRONIC MUSICAL
INSTRUMENTS: STRATEGIES TO IMPROVE INTERACTION, USER
EXPERIENCE AND LIVE PERFORMANCE

¥k e, Et hem H¢r su
Doctor of Philosophyindustrial Design
Supervisor Prof. Dr. Owain Francis Pedgley
Co-SupervisorPr o f . Dr . -Pdligidyar kener

August 2020373 pages

Since the turn of th2lstcentury, grounebreaking advancements in technology have

l ed to the emergence of a c oswogihsgumenty new
These instruments, which are heavily driven or dependant on technology, have been
accompanied by an interdisciplinary movement in the field of musical instrument
research and design, interconnecting musaking to disciplinesncluding, but not

limited to, ndustrial design, interaction design, user experience (UX) design,
computer sience, software engineering, electroniccomputer engineering,
mechanicalengineering andnaterialsengineering. Although all of these disciplines
havestake a cl aim to t he imstruménenaki ngdépof metkcbod
output comprises prototypical research, technical innovation and invention rather
than instruments that are clearly aimed at, designed for, or adopted by professional
musicians. Notably absent from the field is vsentred research,ming to uncover
professional musi ciansd needs, preferred
with electronic musical instruments. Furthermore, there exists a lack of theory

concerning how electronic musical instruments should be designed soetimatetifs



and expectations of professional musicians in live performance situations can be
fulfilled.

This thesis seeks to address the lack of fundamental user understanding as well as
bring forward guidelines and strategies for usemtred electronic musal
instrument design. Following a review of the state of the art, a substantial field study
based on a hybrid aépertorygrid technique (RGT) androssimpactanalysis (CIA)

is reported. The study involved professional musicians offering expert conmgnenta

on the design, interaction and experiences of purposefully disparate electronic
musical instrument exemplars. The principlespefsonalconstructtheory (PCT)

formed the basis of data collection and processing, with the interconnection and
prioritizatio n o f musi cians?©o constructs reveal ed
through CIA. The principal outcome of the thesis is a set of strategies for designers
to consideii especially in the conceptual freahd of new product developménto

achieve appreated interaction and desirable user experiences from electronic

musical instruments in the context of live performance.

Keywords: electronic musical instrument design, musical interfaces, interactivity,

design for interaction, user experience
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YENK NESKL ELEKTRONKK M! ZKK¢KNSARRI: MANL AR
ETKKLEKKM, KULLANI CICANLERERFORMANSN E
GELKKTKRMEYE Y¥NELKK STRATEJKLER

¥ke, Et hem H¢ r su
DoktorgEnd ¢ st ri b renl oer i Tasar éme
Tez YO rPeof. Dr®©wasniFrancis Pedgley
Ortak TezPN¥BOhetDci-Bdllgdyar kener

Aj ust o,873sayfa2 0

21. yé¢zyéla girilirken, teknolojide -e&]JEé€
enstr¢egmané Ot grbdegnegn ortaya - éeknolajigeg€é na n e
bajemlé ve teknolojiyle ikleyen bu enst
arakteéermal aré alaneéenda disiplinlerarasé
tasar ém, etkilekim tasar émeé, kKulalz&h &amée ¢
m¢hendi sl iji, el ektroni k/ bil gisayar m¢ h e
mehemsd i ] gi bi -wikr b-ieaxkintel i b agll eardléar éHer
di siplinler elektronik enstr¢gman yapeémeé
aland& | sretim ve -ekteéel ar én be¢yeék -ojunl
mé¢zisyenl er i hedefl eyen, onl ar i -in t e
enstr¢manl ar yerine, prototipsel ar akt
ol ukturmaktader . iAlgindaekgsLirkylliekn, emr od eelsy
el ektroni k m¢gzi k enstr¢gmanl aréna dair i h
arzu edi |l en kull anécé deneyimlerini ort
arakteéermal ardeéer . Buna¢ zelk yeinlaeraikn pamlf e

vii



bajl
enst

bul u

Bu t
el ek
ama -
apr

unu

or u
i K| e
b

ra

ej e

a
0
gel i
d
enst
e

Anah
et ki

améndaki I htiya- vV e beklentilerinin K

ré¢é¢manl ar @éneén naseél tasarl anmal aré gerek

nmaktadeéer .

ez, bir yandan al gndiakielkeulall a&mrékceen ,i -kgolrl ¢
troni k me¢ zi k enstr¢maneé tasar éme I -1 n
| amaktadér . G¢e¢ncel epieremvatresnti zal gmas éme |

az Etkkar maan ayl®inztiemi yl e Yyapeéladmnz emr @ikt €ir 4ne
| muktur . ¢al ék ma, profesyonel m¢zi syenl
| mi K yeni nesi |l el ektroni k m¢gzi k enstren

ml aréna HayvbsebktKadagns.aJlearésivemiin topl ar

me sé¢recinin temel i ni ol uktur muck, me¢, .
ajlanteéelarénén tespiti ve °ncellexktirildr
ak ortaya -ékartel méektér . yeBui téerzgm ter
Ktir me s¢re-lerinin czell ikl e i1 k/ ke
ri endirebil ecekl eri, canl e m¢ zi k perfor
r¢emanl aréyl a, tercih edilen etkilexkimleri

| elayacakibir dzasjratejidir.

tar Kel i mel er : el ektroni k me¢ zi Kk enstr ¢

| eki m, etkilekim i-in tasareéem, kull anéceé

viii



in lovingmemoryofk e h nmme grandmotheandmyb est fr i endé



ACKNOWLEDGMENTS

First and foremost, | would like to express my deepest gratitude to my thesis

supervisor Prof. Dr. Owain Pedgley for his endless support, inspiring guidance and

wisdom. Through the years we have spent together, his mentorship has impacted
many aspects of ynlife, well beyond the borders of design research. Without his

guidance, encouragement and friendship, this thesis could not have been possible.

| offer my heartfelt appreciationto mysou per vi sor Pr eFedgleypr . Bahar
firstly, for very generasly accepting to be a part of this journey by joining the

supervisory team. Her immediate impact and invaluable contributions were very

inspiring for me and | benefited from her knowledge, wisdom and friendshiore

ways than | can express

| am sinceely indebted to the members of my thesis supervising committee, Prof.

Dr . ¢ijdem Erbuj; for introducing me to RG’
Assoc. Prof. Dr . Naz A. G. Z. Berek-i; for h
criticism, and Assist. Prof. Difolga Yayalar; for his friendship, guidance and also

for keeping our feet, concerning the musitated aspects of this thesis, firmly on the

ground.

I am also thankful to the membPerdsft of my t h
G¢ | ay H;dos likoifaduable feedback, constructive criticism and attention to
detail, and Prof. Dr. kebnem Timur; from who

things for a long time, for her invaluable suggestions and insightful comments.

I would also like to acknowledge ¢eain people who have touched my life way
before | startedvorking onthis thesis; their positive influence on my journey without

a doubt i mpacted this work in more ways than

| express my sincere appreciation to my dear teacherssthdaFaris Akarsu; for
showingme the difference between a musician and a pianist; and helping me become

the for mer rat her than the | atter, Prof . Dr .



first steps into becoming an academic, and guiding me thnoygfraduate studies,
and Oru- ¢akmakl é&; for showing me how to

to him, always...

| would like to thank my dear friends, Emre Erbabacan; for his fierce friendship,

|l ove, support and f or untlthe ves era bflthysdhess,t ay i n
and Erg¢n  Ar s akencourbgemerdad well asdurahowght pravoking
discussionsand his intellectu&insightsconcerning this thesis. Furthermorahank

Er g¢ n afordll tiRedgood musiéthey havantroduced me tathroughout the

years

I cannot think of any words, which would be strong enough to express my love and
appreciation to my family, without whom, this thesisoul not have been
completedMy aunt and&econd mothérNer mi n Y & |heranevéeranding f or
love and support, my aunt Canan Yenice and uncle Safa Yenice; for their love,

encouragement, and for making me al ways |

Finally, I would like to thank my mother Rukiyé k and my father Edip¥ k éor

their unconditbnal love, and foraising meto become the man | am today.

Xi



TABLE OF CONTENTS

LTS P PP PRPPPPPPPP Vii
ACKNOWLEDGMENTS.....coe et e ernme e e eennnans X.
TABLE OF CONTENTS . ...t e e e Xi
LIST OF TABLES..... .ot e e XViii
LIST OF FIGURES...... .ottt e et e e e e e e XiX
LIST OF ABBREVIATIONS. ... emee e XXV
CHAPTERS
1 INTRODUCGTION ...ttt emme et e e e e mme e e et e e e e eennaeeeeenes 1
1.1 OVBIVIEW .ottt e e bbb e e e et e e ennnrene e 1
1.2 Problem Background and Problem Statement..............ccc.oovveevciiiiinnnnee. 5

1.2.1 A paradigm shift concerning the identity of new musical instrument
L aF= 1] £ PPPPPPPRRRRRRY o

1.2.2 Lack of theoretical knowledge in literature concerning the design of new
MUSICal INSITUMENTS........coiiiiiiiiie e e eeeee e e eennnn e

1.2.3Lack of usefcentred research to inform tbesign process of new

MUSICAl INSIFUMENTS ...t 8
1.3 Aim of the Study and Research QUEeSHIONS..........ccoeeeeeiiivieeeiiiiee e 9
1.4 Contributions to KNOWIEAGE........coovviiiiiiiiiiii e 12
1.5 Structure of thdResearch...............ooooi e 12
1.6 Structure of the ThESIS.......coiiiiiiiii e 15

2. KEY CONCEPTS IN ELECTRONIC MUSICAL INSTRUMENT DESIGN...17

2.1 Scope of Literature Under InvestigatiQn.................evvverieeeriviviininineeeee. 17
2.1.1 Taxonomies and Classifications of New Musical Instruments....... 20
2.1.2 Market and PréViarket REVIEW.............uuuuiiiiiieeiccceiiiiieea e e e e e eeeen 24

2.2 Key Concepts and Dimensions in New Musical Interactians............... 29

Xii



2.2. 1 StAKENOIARIS ... e 29

2.2.1.1 Concerning Performers, Composers and Instrument Makers 29

2.2.1.2 Audience Perception and Engagement..............cccccuvimenrninnne 33
2.2.1.3 Audience Participation.............cccovvviiiiiiiemmn e 40
2.2.2 Design and Evaluation of New Musical Instruments..................... 43
2.2.3Longevity of New Musical InstrumentS.........cccooeeeeeiieevceeeeicieeeeennn. 56
2.2.4Decoupling: Musical Instrument vs. Musical Controller................. a9
2.2.5Gesture and Mapping in New Musical Instruments....................... 62
2.2.5.1 Gesture in New Musical INStruments.............cccceeeeevvieeevvvnnnnne. 63
2.2.5.2 Mapping in New Musical Instruments............ccccceeeeeeiieccenvnnnnns 66

2.2.6 Feedback in the Context of New Electronic Musical Instruments.71

2.2.7 MUSICAl EXPreSSIVILY......uvvuieiiiiiiiie e e e eeeeiicie s eeeeen e e e 75
2.2.8 Augmented Musical INStrumMents..............cccccvvvvrimmmnnnniiiiieeeeeee 380
2.2.8.1 Augmenting Existing Musical Instruments.................cccvvvvueeens 82
2.2.8.2 Augmenting NorMusical ODbJecCts............cccuvvviiiiiiiiieeniiiiiieee 82
2.2.9WeEarables..........ooiiiiiiiiii e 84
2.2.10 Virtual (Software) Musical Instruments...............ccoevvvvvvieeeeeeeeeenne. 89
2.2.11 Collaborative Musical INStruments...........cccoovviirieeeeee e 96

3. RESEARCH METHODOLOGY.....ccutiiiiiiiiiiiii e eeeeee ettt 103
3.1 The Psychology of Personal ConStrucCtS...........cceeeeiieesieceviviiiiinneennn. 103
3.1.1THE BASIC TNEOIMY .. uuuiiiiiiiiiiiiiiie et 104
3.1.1.1 Construction Corollary..........c.ceeeieiiiiiiiieiee e eevveee 104
3.1.12 Dichotomy Corollary........ccceeeeieiiiiiiiiiieeer e 104
3.1.1.3 Individuality Corollary..............ceeeieiiiiiiiicciee e 105
3.1.1.4 Commonality Corollary..........cccccoeviiiiiiiiiimn e 105
3.1.1.5 Organization Corollary...........ccccuuurriimiiieeeiiiiiiieieieeeee e eeae 106

3.2 Repertory Grid TEChNIQUE. .......cooeeiieieei e e 106
3.2 . LEIBMENTS. ..o e e 109

Xiii



A Oe ] ¢ 1] 1 £ o2 £SO 110

3.2.2.1 Elicitation of CONSIIUCES........uuuuiiiiiiiiiiiiii e 111
3.2.2.1.1Triadic ENCItAtION.........coooiiiiiiiieeee e 111
3.2.2.1.2DyadiC ENCItatioN..........ccceeiiiiiiiiiiiieaee e 112

3.2.2.2 Laddering and Pyramiding.........ccccceeeeeeeiiiiieeeiiiie e 112

3.2.3Linking MechaniSMS.............cooiiiiiiiiiiieece s 113

3.2.3.1 Dichotomous Method...........ccuviiiieeiiieeeriee e 114

3.2.3.2 Ranking (Ordinal) method...........coiiiiiiiiiiii 114

3.2.3.3 RALING SCAIG.... ..ttt 115

3.3 Personal Construct Theory and Design Research..............cccceoveeee. 116
3.4 Features of PCT and RGT in the Context of Design Research......... 117
3.5 Methodological APProach.........cccceeiieeeeeeiiiieeeicci e 119
4. EXPERIMENT SETUP AND PROCEDURE..........coooiiiiii e 121
4.1 Overview of the EXPeriment..........cccuuuiiiiiiirieeeiiiiieieieee e 121
4.2 Selection of PartiCipantS..........ccccuuuuiiiiiiieeeniiiiiieeee e 122
4.2.1 SElECON CrItEIIA. .. uuueeeieiiiiiiiiieee et 124
4.2.2 ParticipantProfile..........ccoeeeiieiii e 125
4.3 Selection of Stimuli (ElemMents)........cccccoeeeiiiiiiiiieeei e 127
4.3.1 Selection of Musical INStruments.............cccoeviiiiieeniiieee e 127
4.3.2 Description of Selected Musical Instrumefdsthe Experiment.....128
4.3.3 Presentation Strategy for the Selected Stimuli............................ 135
4.4 EXperiment EQUIPMENL........cui e 137
4.5 Data Collection Method............oooiiiiiiieeee e 138
4.5.1THE ProtOCOL.......cuiiiiiiiiiiiiiii e 138
4.6 POt STUAY.....coieiiiie e e 144
4.6.1Pilot StUAY VENUE......cooiiiiieiieieeeee e 144
4.6.2Pilot StUAY SEUP....coiiiiii e 145
4.6.3 Pilot Study EQUIPMENL.........cooiieieeee e 145

Xiv



4.6.4 Participants of the Pilot Study.............coooiiiiiiiiien s 146

4.6.5Data Collection with the Pilot Study.............ccevvviiiiiiieemiiiiiiiiieee. 147
4.6.6 Reflections and Discussion on the Pilot Study...............ccovvvvveennn. 147

A \V = 1T =t o =] 10 0= 1 S 149
4.8 Reflections on the Experiment and Data Collectian........................... 150
5. DATA ANALYSIS AND RESULTS......oiiiiiii et 151

5.1 Content Analysis, Coding Structure and Conceptual Framework......151

5.2 Cross IMpact ANAlYSIS........ccooiiiiiiiiieeee e 164
5.3 Interpretation of Interrelationships between the Qualities................... 173
5.3.1Interpretation of Qualities in the Active Sector.............ccccceeeenee. 174
5.3.1.1 Versatility........coouuiuiiiiiiiie e erren e 174
5.3.1.2 Visual INteractiVity............uuuuuiiiiiieesceeeiiiiieee e e e e s seeeen 176
5.3.1.3 Product ArchiteCture...........cccuuvviiiiiiiiieeeiiiiiieeee e 177
5.3.1.4 Tactile/Haptic INtEracCtiVity..............uueeeeeieiiiiieemiieiiieeiiiieeeeeeenss 178
5.3.1.5 SIMPHCIEY ..ceeiiiiiiiiiieeiee e 180
5.3.1.6 FIEXIDIIILY ...covviiiiieeeeeeeee e 181
5.3.1.7 Perform®le ACLIONS.........cccoiiiiiiiiiiiiiiee e 183
5.3.1.8 Visual CoNNOtAtIONS. ........ccooiiuriiiiieeiime i 184
5.3.1.9 SEEUP oottt 186
5.3.1.10RealTime Sound GEeNEration...............eeeeeeeeiiiieemneieeeiieeeeeeeens 188
5.3. L. 11FaMINIANTLY. ..cceeieeeeie e 189
5.3 LLI2NOVEIY. ... 191
5.3.2Interpretatiorof Qualities in the Ambivalent (Critical) Sector........ 192
5.3.2.1 Controllability...........ccooemmiiiiiiiiieeee e 192
5.3.2.2 EXPIESSIVENESS. .. .uuuiiiiiiiiiiiiiiiietaeesttseeeeeeeeeeaaaaaee e e e e s st e e eaaeees 196
5.3.3Interpretation of Qualities in the Buffering Sector....................... 197
5.3.3.1 Collaborative Interactivity.............ooooeiiiiiiiimmnn e 198
5.3.3.2 Direct InputOutput Relation...............cceeiieiiiiiieeeeiicie e, 199

XV



B.3.3.3 MALEIIAIS . oot aa 201

5.3.3.4 Virtual INStrUMENT.........euviiiiiiiiiiiiiei e 202
5.3.3.5 ANthroPOMELIY....cccviiiiieiiiiie e 203
5.3.3.6 Reliability........cccouiiiiiiiiiiiiiiieeeiiiii 204
5.3.3.7 Repeatability.........cccooeeiiiiiiiiiiiieeeie e 206
5.3.3.8 ACCESSIDINItY.....uuurieiiiieiii et 207
5.3.4Interpretation of Qualities in the Passive (Reactive) Sectar........ 208
5.3.4.1 USEFUINESS.....oeiiiiiiiiiiiiiee et 208
5.3.4.2 ENQAGEMENL......iiiiiiiiiiiiiiiieeeeiieee ettt 211
5.3.4.3 EffiCIENCY ..uvviiiiiiii e 213
5.3.4.4 CrealiVity........ccooiiiiieeeeeiiemme e 216
5.3.4.5 Comprehen®ility ............ooooviiiiiiiire e 218
5.3.4.6 Pleasure iNUSE ..o e 220
5.3.4.7 EASE OF USE....ccoiiiiiiiiiiiiei e e 222
5.3.4.8 AudieNnCe EXPEIIENCE.......ccoeiiiiiiiiiiiieeceee e 224
5.3.4.9 APPEAL ... ———————————— 226

5.4 Reflections on the Analysis Procedures.............ccccvvvvimeeeveeeeeennnnnnnn. 227
6. DESIGN STRATEGIES AND GUIDELINES..........oiiii e, 229
6.1 Actionability of the Research FINdiNgS...........ccccoooiiiiiiiccc, 229
6.2 Presentation Strategy for the FINdings............ccccuvvvivimmmnniiiiiiiiinee 231

6.3 Strategies to Improve Interaction, User Experience and Performanc234

6.3.1 Strategies for Designing for Usefulness............cccccooeiiiiceeeneennen, 234
6.3.2 Strategies for Designing for Comprehenstiili..............c..........c..e. 243
6.3.3 Strategies for Designing for Engagement.............ccccoeveivieeeeeeeenn, 249
6.3.4 Strategies for Designing for Ease of USE.........cccccciiiiiiiicccninnnnn. 254
6.3.5 Strategies for Designing for Controllability...............cccoovviiicee. 258
6.3.6 Strategies for Designing for EffiCienCy........ccccccvviiiiiiicccnnn, 263
6.3.7 Strategies for Designing for EXpressiveness..........ccccevveeevvieeeeens 270

XVi



6.3.8 Strategies for Designing for Appeal..............eeiiiiiiieeciiiiiniinnnn 275

6.3.9 Strategies for Designing for Pleasure in Use...............ccccvvvieeennne 279
6.3.10 Strategies for Designing for Creativity..........ccccceeeviiiiiccceeeeeeenn. 283
6.3.11 Strategiegor Designing for Audience Experience...................... 288
7. DISCUSSION AND CONCLUSIONS. ... eeeee e 293
7.1 Summary of the Work Undertaken...........cccooooeeeeiiieeeciiiiiii e 293
7.2 Research Questions ReVISIed............coovviiiiiiieeei e 294
7.3 Contribution of the Research.............cccuuiiiiiieeeiii e 299
7.4 Limitations of the Study...........coooiiiiiiiiiii e 301
7.5 Future Research and Further Reflections...........ccccoooiiieeniiieccennee, 303
REFERENCES. ... e mmmeeens 309
APPENDIES
A. STIMULI: IMAGE TEMPLATES OF THE ELEMENTS USED FOR
THE RGT EXPERIMENT ...ttt 339
B. VERBAL TRANSCRIPTION OF THE INTERVIEW PROCEDURE.....345
C. RGT GRID SHEET TEMPLATE. ...t 347
D. MUSI CI ANSO BI POLAR...CQNSTRUCT.S..348
E. GLOSSARY OF TERMS BASED ON THE CONCEPTUAL
FRAMEWORK FOR MUSICAL INTERACTION........ccouviiieieieiiii e 357
F. PARTICIPANT FREQUENCY DISTRIBUTION BASED ON
THE FRAMEWORK FOR MUSICAL INTERACTION.......ccceveeiiiennn. 371
CURRICULUM VITAE ...ttt 373

Xvii



LIST OF TABL ES
TABLES

Table 1.1Aim, objectivesand research questions of the study..............c......... 11
Table 2.1Selected ontogenetic categories of the Reac{ddgnusson, 2017)....23

Table 2.2 Examples of factors that might influence expression in music

performance (Juslin, 2003)..........uuuiiiiiiiiii e e 79
Table 3.1Example of a dichotomous scale............ccccoovvviiieeee e, 114
Table 3.2Example of a ranking (ordinal) scale.............ccccuvvviiiieeeniiiiiiiiieee, 115
Table 3.3Example of @ rating SCaIE............uuiiiiiiiiiiiieeeie e 116
Table 4.1Participants of the StUAY..........coooviiiiiiiiiiicc e 126
Table 4.2List of experiment equUIPMENt.............cccovviiiiiiieeen e 137
Table 5.1Repertoy Grid Sample with Level O (LO) codes..........cceeeeeeeeeerrrnnn. 152
Table 5.2Sample of Level 1 codes based on semantic similarity.................. 153
Table 5.3Repertory Grid sample displaying LO and L1 codes...................... 153
Table 5.4Repertory Grid sample with LO, L1 and Active L2 codes............... 158

Table 5.5 Repertory Grid sample witb,LL1 and Active and Passive L2 code$59

Table 5.6Final codecount of the devel coding structure............cccooeeiiiiiieee. 159
Table 5.7Sample of duplicated repertory grids..............ooevvvviiimeeeerieeeeennnnns 160
Table 5.8Cross Impact Analysis Cross Impact MatriX........cccoeeeeeeeeeeieeiiieennnn. 168
Table 5.9 Distribution of Qualities in the System Grid................ccoovvvieeen.... 171
Table 5.10 Visual Specifications of the Egocentric Networks....................... 174

XVili


file:///C:/Users/mehmet/Downloads/EHO%20PhD%20Thesis%20October.docx%23_Toc54025151
file:///C:/Users/mehmet/Downloads/EHO%20PhD%20Thesis%20October.docx%23_Toc54025160

LIST OF FIGURES

FIGURES
Figure 1.1 Telharmonium console by Thaddeus Cabhill, 1897.......................... 2
Figure 1.2The Structure of the Research.............ccccooiiiiieeeee 14

Figure 2.1 (A) MTC Expr es-On(D)Bjueazdlasn d s 6 ( ¢
(E) Rhytem Tree (F) AudioCubes (G) Haken Continuum (H) Tooka (1)

Beathugs (J) Samchillian................eiiiiiiiiicee e, 19
Figure 2.2The 7Axis dimension space (Birnbaum et al., 2005)..................... 21
Figure 2.3A visualization of the framework (Malloch et al., 2006)................... 22
Figure 2.4Taxonomy of reatime interfaes (Paine, 2010).............ccceevvvvvvvieenn.. 22

Figure 25 Commercially Available Mainstream Electronic Musical Instrumern2é

Figure 2.6 Commercially Available New Musical Instruments........................ 27
Figure 2.7 New Prototypad (Conceptual, R&D and Experimental) Musical

INSTIUMENTS ..o er e n e e e e rne s 28
Figure28Audi ence engagement : Il ron..Ma.i.8en vs.
Figure 2.9 Transparency Framework for performers and audience to predict

expressivity (Fels et al. 2002)...........oooiiiiiiiiier e 35
Figure 2.10MINUET Framework (Morreale et al. 2014)..........ccoeeeeiiiieeiiceecnnnns 49

Figure 2.11 Representation of an Embodied Musical Instrument vs a Decoupled
MusiCal INSTIUMENT...........ueieiiiiiie e errer e 61

Figure 2.12 Leon Thenain, performing on his electronic musical instrument;
JLILLL] =011 1RO 64

Figure 2.13 The musical device has an input interface and an ouggtace. The
two are related by the mapping (Fels et al., 2002)......................] 6.7

Figure 2.14 A virtual instrument representation (reproduced Rowan et al, 1997,

Figure 2.15 Flow in musical expression (Burzik, 2002; reproduced from Fels and
LYONS, 2009). ... i 69

Figure 2.16 Types of mapping strategies (reproduced from Fels and Lyons, ZD09).

Figure 2.17 A Sofinstrument app on a digital tablet with a touchscreen interfage.

XiX


file:///C:/Users/mehmet/Downloads/EHO%20PhD%20Thesis%20vFinal%2020%20October%202020%20APA%207.docx%23_Toc54425216
file:///C:/Users/mehmet/Downloads/EHO%20PhD%20Thesis%20vFinal%2020%20October%202020%20APA%207.docx%23_Toc54425221
file:///C:/Users/mehmet/Downloads/EHO%20PhD%20Thesis%20vFinal%2020%20October%202020%20APA%207.docx%23_Toc54425222
file:///C:/Users/mehmet/Downloads/EHO%20PhD%20Thesis%20vFinal%2020%20October%202020%20APA%207.docx%23_Toc54425223
file:///C:/Users/mehmet/Downloads/EHO%20PhD%20Thesis%20vFinal%2020%20October%202020%20APA%207.docx%23_Toc54425223

Figure 2.18 Representation of Visual feedbac
INSTIUMENTS. ... e e e e e eenees 15

Figure2.B6 Svampol i n (Pautr.due..e.t..a.l.... 2. (B1 9)

Figure 2.20 O0Rawr! 6 being played at Ari zona
Festival (Brown et @l 2015) . ....uuiiiiiiieeeeeieiieeiieeee e 84

Figure 2.21 Michel Waisvisz performing with The Hands (photo credit unkn8%n).

Figure 2.22 The Hands version 3 (Photo courtesy of Daniel Buzzo.) (Torre et al.,
2008 i ——— e a e aeeananaas 86

Figure 2.23 Imogen Heap, during a performance with her Mi.Mu. Gloves
(YOUTUDE) ...t eemmm e e e e e e e e e e e aeeaens 87

Figure 2.24Violinist Marjolain Lambert plays the Ribs on dancer Sophie Breton
(left), Sophie Breton wearing the Visor (right). Photograph credit:
Michael Slobodian.........ccooooeeeiiiiiiiieeee e 88

Figure 2.25~unctionality of PlayA-Grill (Chacin, 2011)............uuvvieiiieiiiiiieennnnn 89
Figure226Smul eds Ocarina i.n..ac.t.i.on.(W®8bg, 2009).

Figure 2.2Max/MSP software GUI of a virtual instrument patch................... 91
Figure 2.28 Typical fortissimo setup, from a top vigsit) and side view (right)
(Park and Nieto, 2013).........ccoiiiiiiiiiiiiiireer e 92
Figure 2.29The Laptop Accordion (Meacham et al., 2016).............cccevvvvvreenns 93
Figure 2.30The BladeAxe (Michon et al., 2016).........cccoevveeieeiiiiieeeiiiiieeeeeeee, 95

Figure 2.31 Reactable ((Jord”, ..Gei9®er, Al ons

Figure 2.32 Buttorpad module (left), Encoder module (centre) and Fader module
(right) (Barraclough et al., 2014)........cooooeiiiiiiiiiiiid 97

Figure 2.33Resonate installation @ museum (Knichel et al., 2015)................ 99

Figure 2.34 Collaborative dimension space (Hattwick and Wanderley, 201200

Figure 4.1 Percussa OAudioCubest.J28chietteca

Figure 4.2 Reactable Systenls S 6 R e a(d@ b a@elger,Alonso, and
Kaltenbrunner, 2007)........ccooiiiiiii e eeeee e 130

Figure 4.3 YarmaHhai&éhermormrii...,and..l..walBl 2006)
Figure 4.4 Wizdom..Mu.s.i.c...0.Ma.r.p.h.Wi..zX82

XX



Figure 4.5 Beatbugs played by Tod Machover (Weinberg, Aimi and Jennings,

2002).. ettt 133
Figure 4.6 Preseation Strategy for the Selected Stimuli....................ccovieees 135
Figure 4.7 Final version of the template for Reactable (Element.B)............. 136
Figure 4.8 Phases of the RGT eXPeriment...........cooovviiiiiiiaciiiiieeeieee 138
Figure 4.9An original grid data sheet sample from the RGT sessions.......... 143
Figure 4. 1G0METU/BILTIR U-Test Interview ROOM...........cccvvvvviiiiiiieeniiiennee 144
Figure 4.11Visual representation of the experiment-Bet.................cooooeeeee. 145
Figure 4.12VIETU/BILTIR U-Test Control RoOm...............covvvvvviiiimmmiieeeeeennns 146
Figure 5.1 Bill Verplankos Fr amewlb4
Figure 5.2 Framework for Musical Interaction in the context of Live Musical

PerfOrMAaNCE. .......oiiiiiii e 155
Figure5.3 Framework for Musical Interaction with L2 Codes.............c.......... 156
Figure 5.4Framework for Musical Interaction; L1 and L2 codes.................. 157

Figure 5.5 Frequency Count oa.f..Parl6l

Figure 5.6 Frequency Count of Musician IX qualities (L2 Codes)................ 162
Figure 5.7 Frequency Count of Instrumé&pecs qualities (L2 Codes)............. 162
Figure 5.8Cross Impact Analysis Cross Impact System Grid........................ 170
Figure 5.9A System Graph of the Cross Impact Matrix...............cccvvvvuiemeeene. 172
Figure 5.1CEgocentric Network Graph for Versatility..............ccccceeiiiiiieecnnnnns 174
Figure 5.11 Egocentric Network Graph for Visual Interactivity..................... 176
Figure 5.12 Egocentridetwork Graph for Product Architecture.................... 177
Figure 5.13Fgocentric Network Graph for Tactile/Haptic Interactivity........... 178
Figure 5.14Egocentric Network Graph for SImpliCity...........cccccvviiiiiiiieeeeecenns 180
Figure 5.19gocentric Network Graph for Flexibility.............cccccoooiiiiiieennnnnnes 181
Figure 5.18gocentric Network Graph féterformable Actions....................... 183
Figure 5.17Egocentric Network Graph for Visual Connotations.................... 184
Figure 5.18gocentric Network Graph for SBID. ..........ceeiiiiiiiiiice, 186

Figure 5.1%€gocentric Network Graph for Redlme Sound Generation......... 188

XXi

c

for

pani


file:///C:/Users/mehmet/Downloads/EHO%20PhD%20Thesis%20vFinal%2020%20October%202020%20APA%207.docx%23_Toc54425260
file:///C:/Users/mehmet/Downloads/EHO%20PhD%20Thesis%20vFinal%2020%20October%202020%20APA%207.docx%23_Toc54425267
file:///C:/Users/mehmet/Downloads/EHO%20PhD%20Thesis%20vFinal%2020%20October%202020%20APA%207.docx%23_Toc54425271
file:///C:/Users/mehmet/Downloads/EHO%20PhD%20Thesis%20vFinal%2020%20October%202020%20APA%207.docx%23_Toc54425272

Figure 5.2CEgocentric Network Graph for Familiarity...........cccooeeeeiiiiiieeennnn. 189

Figure 5.21Egocentric Network Graph for Novelty............cc.vvvveeiviiieeeiiinenee. 191
Figure 5.2Zgocentric Network Graph for Controllability...................cccvvveeen. 192
Figure 5.23%gocentric Network Graph for Expressiveness............cccccvvvvvvies 196
Figure 5.24Egocentric Network Graph for Collaborative Interactivity............ 198
Figure 5.28=gocentric Network Graph for Direct InpQutput Relation........... 199
Figure 5.26Egocentric Netork Graph for Materials..............ccccceeeiiiiceenninnee. 201
Figure 5.27 Egocentric Network Graph for Virtual Instrument..................... 202
Figure 5.28gocentric Network Graph for Anthropometry..............cccvvvvveeenn. 203
Figure 5.2%gocentric Network Graph for Reliability...................oovviiiiceneen. 204
Figure 5.3CEgocentric Network Graph for Repeatability....................ccceeeeeeees 206
Figure 5.31Egocentric Network Graph for Accessibility............cccooovvvivivieeee... 207
Figure 5.3Zgocentric Network Graph for Usefulness..............ccccccvvvvieennnee 208
Figure 5.33Fgocentric Newvork Graph for Engagement.................ooooeiceeennn. 211
Figure 5.34Egocentric Network Graph for EfficienCy..........cccccvveiiiiiiiaccnnn. 213
Figure 5.35 Egocentric Network Graph for Creativity................oovvvvvviemmene... 216
Figure 5.36 Egocentric Network Graph for Comprehensihility..................... 218
Figure 5.37Egocentric Network Graph for Pleasure igdJ...................coevvvvnneen 220
Figure 5.38gocentric Network Graph for Ease of USe...........ccccoevviiiiiien... 222
Figure 5.3%gocentric Network Graph for Audience Experience.................. 224
Figure 5.4CEgocentric Network Graph for Appeal...........cccccvvviiiiiiieeeciiiiinnee, 226
Figure 6.1Simplified version of the Cross Impact Systé@md........................... 232

Figure 6.2Design qualities in relation to the framewdok musical interaction.233

Figure 6.3Guidelines for designing for Usefulness............cccccoeoviiieeen v, 242
Figure 6.4Guidelines for designing for Comprehensibility.................cccevvvienn. 248
Figure 6.5Guidelines for designing for Engagement...............cooooeiiveeneeeeene 253
Figure 6.6Guidelines for designing for Ease of USE.............uevviiiiiiiceciiinennee. 257
Figure 6.7 Guidelines for designing for Controllability.................ccccvennnn. 262

XXii


file:///C:/Users/mehmet/Downloads/EHO%20PhD%20Thesis%20vFinal%2020%20October%202020%20APA%207.docx%23_Toc54425305
file:///C:/Users/mehmet/Downloads/EHO%20PhD%20Thesis%20vFinal%2020%20October%202020%20APA%207.docx%23_Toc54425306
file:///C:/Users/mehmet/Downloads/EHO%20PhD%20Thesis%20vFinal%2020%20October%202020%20APA%207.docx%23_Toc54425307
file:///C:/Users/mehmet/Downloads/EHO%20PhD%20Thesis%20vFinal%2020%20October%202020%20APA%207.docx%23_Toc54425308
file:///C:/Users/mehmet/Downloads/EHO%20PhD%20Thesis%20vFinal%2020%20October%202020%20APA%207.docx%23_Toc54425309
file:///C:/Users/mehmet/Downloads/EHO%20PhD%20Thesis%20vFinal%2020%20October%202020%20APA%207.docx%23_Toc54425310

Figure 6.8Guidelines for designing forr® and Post Performance Efficiency...266

Figure 6.9 Guidelines for designing for Actual Performance Efficiency........ 269

Figure 6.10Guidelines for designing for EXpressiveness..............cccvvvvieeennnne 274
Figure 6.11Guidelines for designing for Appeal............cccevvvviviiiceeieveeeeiiein 278
Figure 6.12Guidelines fordesigning for Pleasure in USe...........ccccceevviiiiieennns 282
Figure 6.13 Guidelines for designing for Creativity.............ccccevvvvvieeeeeeeeneeee. 287
Figure 6.14Guidelines for degning for Audience Experience.............ccc..ee.... 292
Figure A.1 Element 1: Percussa 'AudioCUbES..............cccceiviiiemmniiiiiiee e, 340

Figure A2Element2:®&act abl e Syst ems..SL..40.Redt
Figure ABElemenB: Yamah-an.f.T.eno.lil ... 342
Figure A.4 El ement 4: .. Wi.z.daom..Mu.s.i.3
Figure A.5 El ement 5:...MIL.T..Med.i.a...L3b
Figure C.1 Empty RGT Grid Data Sheet template............cccceevvvivieeciiiiinnnnen. 347

XXili

t abl ed

6Mor p|

6Beal


file:///C:/Users/mehmet/Downloads/EHO%20PhD%20Thesis%20vFinal%2020%20October%202020%20APA%207.docx%23_Toc54425311
file:///C:/Users/mehmet/Downloads/EHO%20PhD%20Thesis%20vFinal%2020%20October%202020%20APA%207.docx%23_Toc54425312
file:///C:/Users/mehmet/Downloads/EHO%20PhD%20Thesis%20vFinal%2020%20October%202020%20APA%207.docx%23_Toc54425313
file:///C:/Users/mehmet/Downloads/EHO%20PhD%20Thesis%20vFinal%2020%20October%202020%20APA%207.docx%23_Toc54425314
file:///C:/Users/mehmet/Downloads/EHO%20PhD%20Thesis%20vFinal%2020%20October%202020%20APA%207.docx%23_Toc54425315
file:///C:/Users/mehmet/Downloads/EHO%20PhD%20Thesis%20vFinal%2020%20October%202020%20APA%207.docx%23_Toc54425316
file:///C:/Users/mehmet/Downloads/EHO%20PhD%20Thesis%20vFinal%2020%20October%202020%20APA%207.docx%23_Toc54425317

LIST OF ABBREVIATION S

ABBREVIATIONS

CIA: Crosslmpact Analysis

CIG: Crosdmpact Graph

CIM: Crosslmpact Matrix

DMI: Digital Musical Instrument

GUI: Graphical User Interface

HCI: HumanComputer Interaction

MIDI: Musical Instrument Digital Interface
NIME: New Interfaces for Musical Expression
OSC: Operound Control

PCP: Personal Construct Psychology
PCT: Personal Construct Theory

R&D: Research and Development

RGT: Repertory Grid Technique

RtD: Research through Design

UX: User Experience

XXV



CHAPTER 1

INTRODUCTION

1.1 Overview

Having evolved from centuries old musitaking paradigms, musical instruments
have never been considered a subject of major interest for design or engineering
disciplines up until th0th century. The reasons behind this lack ohcern can be

speculated based on the following arguments:

Traditional acoustic musical instruments have evolved through aatrigrror
process, which could take centuries (Sac

not o6designed6.deTleuws ,ast ey vernd i onsdi r at h

1 While it is possible to masmanufacture traditional musical instruments,
majority of their components are handa d e ; causing t he
maki ngd process rather inconvenient t

1 Additiondly, due to the natural materials used (especially wood) even when
massmanufactured each instrument will sound unique due to variations in
componentsd inner structures.

1 In the context of acoustic musical instruments, alterations or fundamental
changes irdesign (i.e. form, dimensions or volume) will inevitably change
the character of the generated sound. Thus, designdasrgn attempts will
transform the inselsménot het didriigaomet is
the form or dimensions of a vialiwill turn it into something that soundet

like a violin).

During the first half of the0th century, the use of electrical energy for actuating,
amplifying and oscillating sound, marks a critical shift in instruameaking
paradigms. Actually, the tenblogy behind electric/electronic music has a longer

history than it is commonly believed. Holmes (2002) states that rudimentary

1



experiments in electrical production of sound were taking place before the invention

of the light bulb. Telharmonium (also knawas Dynamophone) was invented by

Thaddeus Cabhill in 1896 and it is considered to be the first electronic music

synthesizer. What Holmes (2002) describes as the most ambitious electronic music

project ever conceived; Telharmonium featured 145 tone wheelsly 2000

switches, wei ghed about 200 tons and | ookec

musical instrument to the casual viewer (Figure 1.1).

LA LALAY LK

AL MARLURR LR It

Figurel.1 Telharmonium console by Thaddeus Cahill, 1897

Noteworthy examples of what followed in the next decades are Theremin (1920),

Electrophon, (1921)i which was improved and renamed Sphap hon (1926)
(Glinsky, 2005) Dynaphone (1927), Ondes Martenot (1928) and Trautonium {1928

1930). This first generatiorof electrical/electronic musical instruments have

revolutionized the field of musical instrument design and they became the archetypes

and predecessors ofoalern day synthesisers. Furtimere, these instruments were

all designed for live performance contexTheir inventors, along with the composers

of the time (e.gqg. Var se, Messi aen, Hi ndem
instruments into the fold with classical music, through composing solo parts for them

and featuring them with ensembles composedraditional acoustic instruments



(Holmes, 2002). Theremin, which uses a very unorthodox interaction model (non
contact gestures made in air) is probably the most popular of the aforementioned
musical instruments. Soloistsor virtuososi of Theremin aretgl performing with

this instrument in many different music genres (e.g. film music, popular music,

classical music) with an expanding repertoire.

While the aforementioned inventions looked nothing like conventional musical
instruments in regards to thailesign, semantics or semiotics, the basic working
principles of their electronechanics also shaped the foundations of modern electric
and electroacoustic musical instruments such as electric guitar (1932), electric bass
(1930s), Hammond Organ (1935) aMb o g Synt hesi seramolu&s®4)
Minimoog (1970). Furthenore, the infinite possibilities concerning the electrically
synthesized/amplified sound inspired instrument makers to experiment with new
designs, materials and manufacturing methods teasonable to propose that this
critical step upwards in technology brought the field of musicdtuments closer in
context to industrial design andhgneering. In addition, electric and electronic
musical instruments either affected the dynamicexidting music genres (e.gop,

jazz, bues) or facilitated the birth of completely new ones (eagnputer nasic,

electreacoustic msic,ro ¢ k roth andheavy ratal).

Going forward into th1stCentury, groundbreaking advancements and innovations
in technology had even a bigger impact on musical instrument design. While this
progress did not necessarily happen in the field of musical instruments, the
miniaturization of computers (e.g. silicon deal CPUs), LCD/LED screens and
touchscreens, emergencehofmancomputerinteraction (HCI) (starting from 1980s)

as a discipline in its own right and expanding research on new materials eventually

led to a completely new species of electronic/digital nalsnstruments.

Similar to t he Oelectrical/ electronic
Oelectronic/digital é progression gave bi
But this time, musienaking paradigms (in regards to both making and playing
musical instruments) shifted severely because they did not derive from the historic

0l ineaged concerning por aer vci hbeat syspidanments r u me n




feature neveseenbefore user interfaces, interaction models, functions and sound

comparedd their traditional acoustic and electronic counterparts.

As a result, these heaviyt ec hnol cagdpt dchmehé gprodecspendent 6
transformed musical instrument design into an interdisciplinary research area, which
interconnects Music to disdipes including and not limited tondustrial design,

graphic design, interactiondesign, HCI, user experience (UX)design, computer

science, software engineering, e€lectroniccomputer engineering, materials

engineering ananechanicakngineering.
Thisnewb br eeddé of instruments share 5 unigue <c¢h

- They do not have any archetypes or predecessors (e.g. classical -geiéatric
guitar)

- They are heavily technology & innovation driven
- They offer new interaction models not found in congeatimusical instruments

- They have advanced features unavailable in traditional/conventional musical

instruments

- They arenot plug & play (Musicians cannot generate sound with them immediately
due to often sophisticated Sgi and configuratiombstacles)

I n order to further clnawmudicsinsheumenpé DET & hs;
to a professionally designed and manufactured new generation electronic and/or

digital product in the service of a professional musician to be used in lits ful

potential. Musical toys, objects, hand crafted acoustic artefacts or similar products

intended foramateur/hobby use, while they do have theiany benefits, are not

considered as part of this research.

Lastly, this research considers and explores thsical instrument in the context of
live musical performance andot musical composition, because the interaction
between the musician and the instrument involves distinctly different dimensions in a

compositional context as opposed to a live musical pegnce.



1.2 Problem Background and Problem Statement

AMany new instruments are being invented
wi t h O be2b04, §.59).

Today, al most any product or O6objectd eq
can be transfor med I nto a Omusi cal I NS
Franinovic et al.,, 2007; Delle Monache et al., 2008; Kim et al., 2011). However,

Otechnologyondhteoee not always transl ate

userso interaction with that product.

While new musical instruments feature stateéhe-art technology and many new
performance possibilities, they also embodyouthodox user interfacesiovel but
sophisticated interaction models, owsrgineered or too simple functionality and

unfamiliar product semantics/semiotics.

In the current scene concerning new musical instruments, the majority of the

products are either:

- Easyto-use musical instrments with little to no space for mastery (low
ceiling for virtuosity), musical expressiveness, or improvement in

musicianship through practise, or,

- Overdesi gned i nstr ume ndf-theartd @mputengl @and wi t h
sound technologies; in other wordsthat Cook (2001) callsb Super

Il nstrument so.

One of the factors affecting musicians?o
musical instrument is the o0l earning cur v
a novice to gain enough skill with the ingnhent that the experience of playing it is

rewarding (Vertegaal & Eaglestone, 1996).

Any humanmade device must strike the right balance between challenge, frustration
and boredom: devices that are too simple tend not to provide rich experiences, and
devices that are too complex alienate the user before their richness can be extracted
from them (Levitin & Adams, 1998; Wanderley & Orio, 2002).



While some of these instruments seem to offer infinite potential, it is actually the
constraints rather than afftances of an instrument that characterize it (Magnusson,
2010). In addition to the complexity of functions and features, unfamiliar interfaces
and interaction models combined with obscure affordances create perception

problems for musicians.

Additionally, perception problems are not limited to users (musicians) only. If the

three fundamental components of a live musical performance are musician,

instrument and audience, the aforementioned features of new musical instruments

also affect how the performance perceived/received by the audience. Lyons and
Fels (2013) state that when there is a lack of obvious connection between the
musi ciands gestures and the generated

interaction, and consequently, may not feel gegaduring the performance.
This study proposes three main reasons behind the -abewgoned problems:
1- A paradigm shift concerning the identity of new musical instrument makers

2- Lack of theoretical knowledge in literature concerning the design of new

musical instruments

3- Lack of usefcentred research to inform the design process of new musical

instruments

1.2.1 A paradigm shift concerning the identity of new musical instrument

makers

One critical difference in regards to new musical instruments lies witligubstion

of who designs and makes them. Throughout the history of musical instruments, the

concept development, design and construction of acoustic musical instruments were

carried out by experts with specific training knowledge and experience in geetsub

matter. These instrument makers passed on from one generation to another through a

Omaster and apprenticed model and had
type of instruments they made (e.m,. a

which later evolved to include makers of all types of stringed instruments).

sound

speci f
Ol ut hi



Today, however, many of the new musical instruments are designed by the same
people who use thend (o r, 2005). Thus, it is reasonable to propose that current new
musical instt me n t design scenpros!| piopaddatiedt dryd
instrument makers coming from diverse backgrounds such as computer scientists,
software developers, musicians and engineers. Even within the -ralaged
professions, the once clearrfders between instrumentakers, performers and
composes are vague and blurry. Furthesre, it is not evident whether if these
instrument makers possess the necessary background (in design disciplines) or
training. Medeiroset al. (2014) claim that thisnew generation of instrument makers
sometimes fail to incorporate basic design principles into their design and

development process.

This is contradictory to o6traditional 6 i
skilled craft, requiring a broad and inse training period for each and every

instrument.

1.2.2Lack of theoretical knowledge in literature concerning the design of new

musical instruments

Currently, there is an obvious lack of theory concerning new musical instrument
design in the literature. Medes et al.(2014) mention that there are some design
challenges concerning New Interfaces for Musical Expression (NIME) research and
practice, which are not well described, analysed together or explicitly discussed in
the literature. The authorsfurther prgose that dimensions such as usability,

efficiency or fun are not obvious when applied to new musical instruments design.

In fact, some issues are especially hard, such as how to deal with virtuosity, how to include
cultural elements surrounding the aaietf how to consider the musician context in his/her
experience in using the artefact, how to catalyse the creation of new artefacts, how to define
what is a successful design, how to promote adequately the adhesion of adopters, etc.
(Medeiros et al., 204, p. 649.

The aforementioned challenges need to be addressed by researchers working in

industrial design and interaction design, particularly who specialize ircastned



design and user experience (UX), since the area sits in the intersection of music

computing and design (Medeiros et al. 201

1.2.3Lack of user-centred research to inform the design process of new musical

instruments

There is no doubt that the most important stakeholder in the process of designing and
building a DMI is the performer. Unds the instrument can successfully translate their
musical intent into sound in a reliable way it fundamentally fails as an instrument
(O6Modhr i3, 2011

Mulder (1996) states that existing musical instruments require the musician to adapt
to the nstrument rather than stretching the parameters of the instrument to make it
adaptable to the needs or preferences of the musician. Mulder further proposes that
this case is true for both traditional and new musical instruments due to factors such

as inflexibility or standardization.

Rebelo (2006) however, suggests that traditionally, a musical instrument is very

much treated as a difficulty, an obstacle that needs to be overcome in order for the

musi cian to become 0o0ned desiiettohalleviate.thisReb el o b«
obstacle is evident in recent research in the field of musical instrument design using

new technol ogi es. Todayods technol ogi cal poSs:
terms of what new musical instruments can deliver to theiadlmns on multiple

aspects of musical performance (i.e. creativity, expressiveness, efficiency,

functionality, etc.)

Decades after their introduction, only a small fraction of professional musicians are
aware of the existence of new musical instrumentEoAting to Medeiros et al.
(2014) it is hard to find instruments that have been widely awowingly adopted

by musicians.Furthemore, there are very few NIME virtuosi or professional

musicians who adopted these interfaces as their main musical iastrum

I f the musical i nstrument i's considered as
sound (music), the lack of awareness and adoption may be explained by lack of user

centred research conducted with professional musicians. Considerisgettiécity



of the subject matter and uniqueness of the dimensions related with-nmalsity
paradigms,it is only natural to seek consultation from professional musicians in

order to inform the design process of new musical instruments.

The majority of novel electroc musical instruments ar®t specifically intended for

the musician(as a highly skilled professionallRather, a considerable amount of
research has been dedicated to designing instruments f@ roper t s and o&éor
users (i.e. people who would nptofess to being musicians) (Robson, 200y r, d ~

2003; Beyek Meier, 2011; Cappelef Andersson, 2011; Luhtakt al.,2012).

Throughout the history of music, never before have a class of musical instruments

been designed for amateur (not musician)siser

Since the majority of new electronic musical instrumentsnaither designed and
developed by professional instrument makers, nor intended to satisfy the needs and
expectations of musiciansheir design specifications (i.e. affordances, usability,
usdulness, expressiveness, etc.) have not emerged from conventionally established

criteria.

1.3 Aim of the Study and Research Questions

In light of the arguments revealed in the problem backgroundthbB&Esaims to
generate strategies and guidelines for d
interaction, user experience and performance with new generation electronic musical

instruments in the context of live musical performance.

As thisthesisconsders new musical instruments in a professional use context, it is of
utmost importance that the contributions of teeearchs beneficial for the intended

expert user group; namely professional musicians. Thus, it is critical that the
construction of theaforementioned design strategies is based on findings, which are
revealed through an actual usentred research conducted with the same intended

user group; the musicians themselves.



This way, it would be possible to ensure that the findings are abtmrand
beneficial for both the designers who will act upon them and the musicians who will

use the end products.

In order to acquire the knowledge needed to construct the aforementioned design
strategies, thistudy seeks answers to threajorresearch questions:

RQ1: What are the dimensions of nemusical interactionswhich matter to
musicians?

RQ2: Why do these dimensions matterrasicians?

RQ 3: How can these dimensions bglized to improve musicians' interaction, user
experience and live performance with new generation electronic musical

instruments?

To answer the third research question, it is essential to have a deeper understanding
of how these dimensions exist withiheconceptual space oft,eusi ci ansé &émi nd
s et s 0 .the thiedmesearch question is kem down tawo furthersub-questions

RQ 3.1:What are the similarities and diversities between the elicited dimensions?

RQ 3.2:How/In which ways are these dimensions interrelated?

Throughout the thesig¢here is a flow of terminologin parallel with the progression

of the chapters. Thughese basic terms need to #efined in order to establish

clarity of communicationDimensions;i s an o6umbrell adé ter m, whi c
net wor k/ system of c esetgthapdefsie therconceptigaispacea ns 6 mi n
of live performance with electronic musical instrumeriBersonal) Constructss

used in relation tad tCoen stthr édrapter Jxtviecblreyd 6 Per s
forms the methodological basis of this research and it refers to the unique

interpretations of individual musicians, which were acquired during the data
collection. Qualities (i.e. product qualities, design qualitiesr qualities of
interaction);refers to the shortlist of 31 prioritized qualiti€€hapter Swhich affect
the design for interaction with electronic musical instruments in a live performance

context

10



The aim, objectives and research questionstated in Table 1.1.

Tablel.1 Aim, objectives and research questions of the study

AlM

OBJECTIVES

RESEARCH QUESTIONS

EXPLORATI ON OF

MUSI CI ANS®O

PERCEI VED EVALUATI ON OF

INSTRUMENTS

Construction of strategies anM A To el icit e ac h| What are the dimensions of ne|
gui delines to i | perceivedevaluation of new musical generation electronic musicy
interaction, user experience ai instruments. instruments,  which  matter t
performance with new generatig musicians?

musical instruments in the context { A To understand

live musical performance

dimensions are important.

Why do these dimensions matter

musicians?

INVESTIGATION OF THE INTERRELATIONS BETWEEN THE ELICITED DIMENSIONS OF NEWIUSICAL

INTERACTIONS
Construction of strategies af A To expl ore t h| How can theseithensions be utilized
gui delines to i | diversities among the abovemention| t o i mpr ove musi ci
interaction, user experience ai dimensions. experience and live performance wi
performance with new generatig new generation electronic music
musical instruments in theo@xtof | A To i nvestigat e | instuments?
live musical performance and possible implications of th
interrelations between the elicitg What are the similarittes an
dimensions. diversities between the elicite
dimensions?
How/In  which ways are thes

dimensions interrelated?

11



1.4 Contributions to Knowledge

This thesis intends to make contributions to both theoretical and practical knowledge.

The proposed strategies and guidelines to
experience and performance with ngeneration electronic musical instruments

contribute to theoretal knowledge in the field of osicd instrument @sign. The

hybrid methodological approach, which is employed fbis thesis (personal
constructtheoryi repertorygrid technique withladdeing andpyramidingi cross

impact analysis) makes this study the first of its kind in the field of musical

instrument design. Thus, design researchers and academics working in the field of

new generation electronic musical instrument design may take e¢bli®ods of the

research as well as its findings and the insights, and build further work ultimately

directed to help designers in improving new musical interac@ns.

Furthermore, the aforementioned strategies are also reveal practical knowledge,
which is ationable in nature. In other words, the findings of the research can be

useful and applicable for design professionals working in product innovation and

R&D activities in the area of musical instrument design, especially during the earlier

phases of newrpduct development, such as ideation and concept generation.

This usercentred research was conducted with professional musicians. Hence, the
findings of the study might convey design p
t he musi ci anssadd egeéctationscaheemingmewentisical interactions.

1.5 Structure of the Research

The structure of the research is presented in Figure 1.2. in relation to the four

research questions mentioned in the previous section.

The first stage of the research (Ctea®) identifies core concepts and dimensions of
new generation electronic musical instruments and new musical interactions through
the literature. In this stage, a preliminary list of constructs is created to act as a
glossary of terms for the study. $ad stage (Chapters 3 and 4) involves a series of

in-depth interviews with 30 professional musicians throwggiertorygrid technique,

12



i n order t o el icit t he musi ci ansao per s
evaluations of new generation electronicsmeal instruments. During this stage, an
iterative process was also carried out
personal constructs to finalize the glossary of terms. As a result, a large and diverse

set of constructs were identified as the dimensiof new musical interactions. Third

stage (Chapters 3 and 4) was simultaneously carried out during the RGT interview
sessions and it involved capturing the superordinate and subordinate constructs in the
musi ciansd personal darest mygct(asky aitge msw hty

and pyramiding (asking 6what?déd or O6how?5d

The fourth stage (Chapter 5) is carried out through an initial content analysis in order
to cluster and organize the constructs. The first step of analysis grouped the
constructs based on semantic similarity, where as, for the second step a conceptual
framework was created in order to further cluster and identify the desgn
qualities in the research The conceptual framework was also instrumental in
estalishing a herarchy between these design qualitiesed on the three main
componentgmusician, instrument and audiencd)a live musical performance. &h

fifth stage (Chapter 5employs cross impact analysis in order to identify and
interpret the interrelationships and interactions between the core dimensions of the
study.Cross impactnalysis also established a hierarchy of importamok purpose
between thedesign qualities that formthe whole syst@a while identifying the
systembébs end goals as well as the means
the abovementioned stages led to the development of a desighstrategies and

gui del i nes t o ntengetiom user experisncecapeHonnsatice with

new generation musical instruments, in the context of live musical performance.

13
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1.6 Structure of the Thesis

The thesis is composed of seven chapters. The first two chapters provide an overview
and insight into the theoretical background in literature in regards to the research area

under investigation.

Chapter 1states the research area, its brief historicaireg and lineage, problem
background, aim of the study, research questions and expected contributions to

knowledge.

Chapter 2is a detailed review of the theoretical background and-efatee-art in
the literature. It is composed of seven sections amibees core concepts related

with new musical instrument design, which are essential for the research.

Chapter 3gives detailed information regarding the backgm of the chosen
methodology; prsonal constructtheory (PCT),repertory grid technique (RGY,
laddering andoyramiding. The second section gives examples of previous design
research carried out with PCas well asa discussion on the advantages and
shortcomings of the selected methodology while reflecting on why it was chosen
over other alternates. The chapter concludes with a brief description ofgbeeral
philosophy concerning thenethodological approach for the thesis and presents the
flow of the remaining research stages illustrated by a diagram.

Chapter 4is a detailed waklthrough of tle data collection procedure. It starts from

the strategic approach, continues to research design and planning, experiment
equipment, experiment sep, participant selection and recruitment, the pilot study
and ends with reflections regarding the compjatecess including a discussion on

limitations and hardships of the study.

Chapter 5reveals the coding and analysis procedures in two sections. The first
section is a stepy-step exphnation of the coding proceduaad the initial content
analysis, including the construction of a conceptual framework. The second section
gives detailed informatioron the background and proceduresncerningcross
impact analysis (CIA) and presentthe analysis results through indiual

discussiongind interpretationtor each finding.
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Chapter 6presents the main output of the theslissignstrategies and guidelines to
I mprove musicianso i nt dive gpearformamce,withunswe r exper.i
generation electronic musical instrants.

Chapter7i s a o6conclusi ond, whi ch resvigimithar i zes t he
research questiongyresents a holistic view of the major findings, states the
contribution to knowledge, discusses possible future directions, and endartién

reflections concerning the entirety of thibesis

16



CHAPTER 2

KEY CONCEPTS IN ELECTRONIC MUSICAL INSTRUMENT
DESIGN

The literature on musical instruments is too broad an area to fit inside the scope of
this thesis. Thus, this chapter surveys the literature in the context of new electronic
musical instruments and their surrounding interactions, with the exception ieff a br

introduction on the classification of musical instruments in general.

The first part of the chapter is composed of the scope of literature under
investigation, taxonomy of musical instruments as well as a brief product review in
relation to new eleabnic musical instruments. The second part of the chapter

explores key concepts and dimensions of new musical instrument design:
stakeholders, longevity, decoupling, gesture and mapping, feedback, musical
expressivity, virtual instruments, wearables, callabve instruments, and staié

the-art in research dedicated to designing and evaluating new musical instruments.

2.1 Scope of Literature Under Investigation

The main research concerning new electronic musical instruments is carried out
through The Interrtional Conference on New Interfaces for Musical Expression
(NIME). NIME initially started as a workshop at the Association for Computing
Machinery (ACM) Conference on Human Factors in Computing Systems (CHI) in
2001 in Seattle, Washington. Today, NIME msannual conference devoted solely to

encourage and support research for new musical instruments.

Various terms exist in the literature to identify new musical instruments. Among the
most commonly used are: Digitahusical instruments (DMI),electronic musical
instruments (EMI) andiew interfaces fomusical expression (NIME). While some

authors make distinctions between these terms, based on conventional availability or

17



popularity, they arguably refer to the same class of musical instruments. For the
puppses of this thesis O6new musi cal i nstrumen

electronic and digital musical instruments.

There is a diverse spectrum of mainstream electronic and digital instruments, which
are widely commonplace and available to rowasis. This spectrum includes
instruments and devices such as MIDI keyboards, workstations, synthesisers,
sequencers, rediime samplers, sound modules, sound effects pedals and drum
machines. However, these conventional instruments are not considerad a$ p

new musical instruments and thus, are not in the scope of this research.

The abovenent i oned term O6MI DI &6 deserves speci al
connection to new musical instrument design. MiDugical instrumentdigital

interface) is grotocol developed in the 1980's which allows electronic instruments,

digital musical tools and computers to communicate with each other. MIDI itself

does not make soun@d mMeéssagesastwhi cerares wlie

by another deviceasked with sound generation.

Dave Smith, founder of Sequential Circuits dkutaru Kakehashi, founder to

Roland Corporation are the two people who are credited with creating the vision for

MIDI (midi.org). Robert Moog announcedIDI for the first timein the October

1982 issue of Kyboard Magazine (Manning, 20Q4,267).Moog, along with Don

Buchla, Harold Bode, Pete Zinovieff and Dave Cockerell, are credited for their work

in miniaturizing O6room sized6 synthesizers
Moog specifically credited for taking them out of the univerkioratory and in the

hands of the musicians (midi.orghmong similar communication protocols, the

most noteworthy alternative is Open Sound Control (OSC), which was first
introduced in 20R with the intention ofoffering higher resolutios and a richer

parameter spad@Vright, 20@®). MIDI 2.0 was announced in the winter of 2019 and

introduced January, 202M | D Idévsloperc onsi der thi s version as
rather than a replacement and they state tthatmost significant features dtie

MIDI 2.0 are bidirectional communication (between the devices) and backwards
compatibility. Figure 2.1 presents diverse examples of new musical instruments,

which use MIDI protocol.

18



Figure2.1 (A) MTC Express Bp Hand s 6 ( C) -OhdDpSdueezalles (EpRhytem Tree (F) AudioCubes
(G) Haken Continuum (H) Tooka (I) Beatbugs (J) Samchillian
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2.1.1 Taxonomies and Classifications of New Musical Instruments

In regards to the taxonomy of musical instruments, musicologists Curt Sachs and
Erich Moritz von Hornbostel created the most widely used and comprehensive
approach for the classification of musical instruments. The HornkE®atdls System

(al so kneSwnSyast e mBl) (1914), classifies
categories: Chordaphones (stringed (plucked) instrumesi®)phones (woodwinds

and brass insuments), membraphones (drums) anddiophones (percussion
instruments except drums). Each of thesessda also have their multi level sub

categories.

The underl ying principl e dpedcim@compdneri:n t he

an air column (arophones), stringcordaphones), membraneémbraphones) and

the body of an instrumenidjophones). In 940, Sachs updated the$hchs System

mu s i

0

na

in order to classify and sordtecat rfoipfhrtomespeci

which were further grouped into three stdiegories:

1. instruments with aelectronicactionO

2. electro mechanicacoustic sounds tnaformed int@electric through amplificatidd

3. radioelectricjnstruments which are based on oscillating circuits (Sachs, 1940; as cited in
Paine, 2010),

Even though the addition of the electrophones category made it possible to categorise
all electrically actuated, amplified and oscillated musical instruments of its time, it is
obviously insufficient to provide a comprehensive picture in relation to theess

and diversity of current new musical instruments and interactions (Paine, 2010).

Paradisobs (1997) detailed and extensive

include a chronological walthrough with all cornerstone instruments while pairing
the history of related technological advancements with the mentioned instruments.
However, due to its publication date, t

anymore as it has not been updated.

Birnbaum et al. (2005) propose a dimension spacerespntation, which can be
adapted for visually displaying new musical instruments (Figure 2.2.). Binrbaum et

al . 6s di mensi on space I ®le af conpdp ecuided o f

20
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expertise, music control, degrees of freedom, feedback modalitiesacbes and
distribution in spac&rhe authors suggest that the dimension space is useful for both

exposing patterns among existing instruments and for informing the design of new

ones.

Role of Sound Required Expertise

Distribution
in Space
di

)'ﬂ
c
istribytey % o ambr!
I % note \‘N/)/
Oca) v

Musical
Control

Degrees of Freedom
[Inputs]

Inter-actors

muttimodal

Feedback Modalities
[Output]

Figure2.2 The 7-Axis dimension space (Birnbaum et al., 2005)

Pressing (1990) also compares and discusses new musical instruments based on a
similar mul ti di mensi onal edepded econfifured s si ng
interactiveandintelligent musical instrumentapproaches these devices with a wide

range of concepts such as user control, gesture, reconfiguration, articulation and
unpredictability, range of operation, time independencecpnegposed materials and

design flexibility.

Malloch et al. (2006) adapted amxisting human informatiecprocessing model to
construct a framework (Figure 2.3) for the categorization of digital musical
instruments in terms gderformance contexdnd performance behaviouAccording

to the authors, the proposed framework is usefuinvo important ways: Firstly, it

may be used to analyse, compare, and contrast existing instruments. Secondly, it may
be used for the conceptual design and development of novel musical instruments and
interfaces.The research also involves a praciizse study which evaluates three

prototypedoui |t by the authors in order to il
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Performance
behavior

Dipping

Presentation of
recorded material

Turntablism

Live diffusion Drag & Drop

Live coding

Acoustic playing
Rule Directive Skill
sequencing

Conceptual  Model
performance Radio DJ

Instrumental
Signal performance

Symbol Collage Beatmatching

Sign

Stochastic music Musique concréte

Conductor's performance

ithmi i Interactive music
Algorithmic music o
° systems Improvisation

Performance
More context
Interruption tolerance Less

Figure2.3 A visualization of the framework (Malloch et al., 2006)

Paine (2010) argues thaurrent taxonomies and classifications fail to address
evolving approaches concerning the design and use of nesicahunstruments.
Paine conducted an online questionnaireas part of the TIEM (Taxonomy of
Interfaces for Electronic Music performance)jpobi in order to inform the creation
of his taxonomy and identify four main classifieigesture, instrument, digital
controller and software Paine constructs his taxonomy (Figure 2.4) mainly around
three of these classifiers excludidmstrumend (as it is too broad a term) and
proposes theinterplay of control and createas a possible direction for the

classification of reatime interfaces for electronic music performance.

—

Immediate agency...
Primary causation

R

Remote Control

Digital
Controller -/_/

Software/
Create

Analysis of
Audio
Characterisitcs

Purely software -
algorithmic
instruments

Direct
l Manipulation
Non- F
Tadiis Tactile No Keys | Keys
T ‘ ‘ T
Continuous - l - = — o —p Discrete
I | 1
video Buchia Sliders
Tracking Lightening Joystick :;;’L‘\’h";
Wacom i
Theramin Mouse MoHseys

Figure2.4 Taxonomy ofreattime interfaces (Paine, 2010)

Magnusson (2017) considers musical organics to be a philosophical attempt to deal

with the problems inherent in the organological classification of new musical

22



i nstrument s. Hence,
classification with a collaborative approach. In order to display the open and
participatory character of the system, Magnusson also preserdsganological

ontogenesisof three musical instruments the saxophone, the Minimoog and the

Reactable (Table 2.1),

Table2.1 Selected ontogenetic categories of the Reactdagnusson, 2017)

Magnuss-opbopoongaseboa

Instrument The Reactable

Inventor Team at Pompeu Fabra

Opposition Some Catalan media were critical at first
Adopter Bj°ork

Marketer Sergi Jord”

Innovation strategies

The release of reacTV sourcede, the use of YouTube and social media
marketing purposes.

Time 5 years to become stablished

Networks 100 primary networks

Team size 5-10

Rationale Physicality in virtual instruments. Synth visualization

Nonhuman actors

Projectors, cameras, re#ahe video libraries, software protocols, sound synth
software, etc.

Patents

none

Public awareness

YouTube, project website, social media, festivals and media appearances

All of the aforementioned attempts on the classification and taxonomy of new
electronic musical instruments contribute to the field by taking diffgrergpectives

(i.e. focus on products or stakeholdeasflemploying different prioritiesHowever,

as new musical interactions and new nwmsaking paradigms continue to evolve
constantly, the research efforts for the evaluation and classification omuoswal
instruments will inevitably update and adapt to these changes simultaneously.
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2.1.2 Market and Pre-Market Review

In order to have a better understanding of the field under investigatioef anarket
and premarketreview has been made tetshe s ene OvVvi s uexamplgs t hr ough
representing the spectrum of available new musical instrumentsnatketreview

has been done based on 3 product classes (Figure 2.5, Figure 2.6 and Figure 2.7):

1- Commercially available mainstream electronic musical instnts
2- Commercially available new musical instruments

3- New prototypical (R&D and experimental) musical instruments

Commercially available mainstream electronic musical instruments;

refers to electronic musical instruments, which are already on the maoketjonly

used by musicians in various musical contexts and genres.
Commercially available new musical instruments;

refers to new electronic/digital musical instruments, which are commercially
available on the market and being used by musicians. However, in most cases these

instruments are manufactured in very small quantities.
New prototypical (R&D and experimental) musical insteums

refers tonew electronic musical instrument prototypes, which are either in R&D
stages or unique, onef-akind instruments handmade for research and

experimental purposes.

The breakdown of each class of instruments is based on interaction types and each
product section presents t he i nstrument 6s

available feedback modes.

Concerning mainstream electronic musical instruments; the once -atared
products (e.g. synthesisers, sequencers, samplers, effects modules) are replaced by

new generation Oworkstationsd that combine m

Concerning new musical instrumentlg tessentialimpression based on thiwief

review reveals that theurrent market is heavily dominated by controllers (i.e.
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decoupled interfaces) rather than embodied musical instrurfientsbuilt sound
generators and sound outpuModularity of form, tangible interfacesyearabls
(wearableinterfaceg, digital pads and mobile touchscreen devices (music apps/soft

synths)aresome of the defining exemplars of thiswspecies of instruments.

These controllers offemew interactionsa wide range of input possibiliti€se. not
limited to hands)legacy and/ounconventional serinterface control elements and
multiple feedback moded/isual feedback seems to e dominant feedback mode,
In most cases a prerequisite proper operation; which is completely in contrast

with the entire acousticaditional musical instrument conventions.
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2.2 Key Concepts and Dimensions in New Musical Interactions

This section discusses thkey players, concepts and dimensions concerning new
musical instrument design and their surrounding interactions. It also includes
theoretical and practiceased research efforts for the design and evaluation of new

musical instruments.

2.2.1 Stakeholders

In the context of new musical instrument design, one of the most important paradigm
shifts happened concerning the O0stakeho!
possible to propose four major roles in
performer, istrumentmaker (designer) and the audience. These roles can be further
extended to include instrument and component manufacturers (although global music
corporations rarely mass manufacture commercially available new musical
instruments; an immediate extep on woul d be-onNfaHeEdh @aiBs Ten
al so possible to consider Omanufacturer :
electronic components (O6Modhrai n, 2011)
used in new electronic musical instrument de¢&g. processors, memory, Sensors,

hard disks, sound cards).

2.2.1.1Concerning Performers, Composers and Instrument Makers

In traditional/acoustic musical instrument design, the roles of stakeholders are well
defined and clearly separated. Even though perforeniposers and
performer/composer/conductocan be frequently identified especially throughout
the history of classical music; instrument makers/luthiersransicianshad clearly
defined and separate roldsurthemore, the audiencalwayshad a passiveote in

the context of live musical performances.

Composer Paul Lansky (1990) stated that the comypesésrmetlistener triangle
Afa good simple model ooai al ashHaebednc h D b N

rendered obsolete with the new paraaigvhich is reflected in the title of his paper
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O0When machi n elsanskyddieves ithat ghis ¢raiitional triadic model is
indeed representing a very rigid social structure, whbee degree of passiveness
and activeness of the individual nodes aelatively fixed.In his words;fi T h e

composer writes, t he per f oHowever, Gurevicly s |, and

t

(2017) states that while the composers fornm

neither make the instruments nor the sounds, but #teagbrepresentation of music,
in the form of a score (notation). The performers interpret the scores of the

composers in order to generate the actual sounds (music) that the audience hears.

I n order t o better refl ecthitnhee isnaceiravlendt o o ®

Lansky(1990)proposes to update the traditional compgeaformerlistener model

by inserting two mored n o dldesddlls the first nodé s o-g n d &hisdrole

represents a wide spectrum from a professional publisher producing Cogital

music in todayods context) to individuals
(throughac assett e t aymplei onin digital @akfoynds or listening and
sharing music in todayds wor |l d)buildeLanskyoés
However, according to Lansky (1990), the identity, characteristics and capabilities of

this role radically transcend traditional luthiers:

An instrument builder is no longer necessarily dependent on the evolutionary state of the
musical climate to detmine the next step. Instrument design and construction now become a
form of musical composition. The vision of the instrumbeuatider can be idiosyncratic, and

even compositional. Playing someone else's instruments becomes a form of playing someone

else'scomposition(p. 108)

Lansky further proposes that composers, performers, instremeéders and even

listeners can become sglasses of each other within different contexts. In other

wor ds, i n todayos musi c maki ng theser adi gms,

previously well defined roles of designer/maker, composer and performer are often
blurred; in fact, it is more likely than not, that these once distinct roles are often
inhabited by one person; an opinion shared by many researchers in the field/(Lans

1990;J o r, 2D005; Magnusso& Mendieta, 2007; Stewart, 2009; Magnusson, 2010;

Baguyos, 2014; Johnsto& Ferguson, 2016; Morreal& McPherson, 2017;

Gurevich, 2017; Morrealet al, 2018; Armitage&k Mc Pher s on, 2018, H° d I
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Furthemore, the literature also created new names for this new generation of
instrumentmakers:i 6t echno | uthierdé6 (Paradiso, 19¢
2005) are commonly used in the current literature to define instrument designers and

makers.

Morreak et al. (2018) have conducted an online survey in order to explore the
0identityd of the new musi cal i nstrument
The survey was carried out with 102 musicians who have performed in the NIME
conferences between theears 20132017. The findings reveal striking facts in

regards to the characteristics of these stakeholders, which Morreale et al. define as:

designer = composer = performefccording to the results, 78% of the performers

designed the instrument that yhglay. An even more striking finding was that 97%
of the performers have been involved in the instrument making process. The authors
also argue that composition can be strictly connected to performing and designing an

instrument.
Morreale et al. (2018)xplain this equivalence from two perspectives:

)] The performers/composers had to develop their own instrument because
commercially available instruments did not meet their artistic needs

i) The roles are inherently fusebd toget
possible for them to be separated, in other words, the instrument itself is
conceived as part of the artistic composition and performance. (i.e. the

instrument was specifically designed to realize a particular composition)

According to Morreale et al.(2018) there is an ongoing debate in the NIME
community in relation to whether the instruments follow the artistic goals or vice
versa. There seems to be evidence supporting both points of view. Cook (2001)
suggests composing musical pieces first camémite and facilitate the design of the
instrument. Conversely, Wanderley (2017) suggests that certain musical instruments,
which were designed without a musical piece in mind such-&sck or Gyrotyre
(Ferguson& Wanderley, 2010) ere extensively used raally. A similar argument

can be proposed for the role of t®und in composition.The character of the
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sound (i.e. designed, tweaked, selecteal) have a big impact on the process of

compositionespecially in the context of electronic music

Theanswver s t o Mo rsunensuggestehat thee bvertags between the roles of
designemperformerc o mposer results in a tension (Morre
because théterative process involving the designing of the instrument intervenes

with thedesi gner 6s rolas asxpar egsefdorbnyergne of t

participants; Abdi Dezfouli:i di | e mma bet ween changing t he

i nstrument or | e ar .nAnathgr particigant;cLeeuw states that e at ur e s «
bringing balance in prasing and designing is the most challenging aspect of

learning to play his instrument, Electrumpet. A third participant; Blasco makes

similar reflections, claiming that covering two roles is the most challenging aspect:

il coul d keep o nverwmgeHK amm g@so tue designer $o itisar e

constant process of teweaki ng andildadviasmchagd to just

per f ofagwded ih Moreeale et al., 2018).

Ferguson and Wanderley (2010) believe that when a single person acts as the

designer, omposer and performer of a musical instrument, there is a substantial risk

of that instrument being ever used only by its inventor. Wanderley and Orio also

support this view, proposing that many of these instrumentsivelee si gned t o f it
idiosyncratic neesl o f per f or mer sandahente,i b @ mp 0 suesrusa,l d y
remai ned i nextri cab(MWsanddarley& Orio,t2002;tashceedm cr eat or
Everman& Leider, 2013)Further morethere can be a considerable tension between

Opl ayabilityd thased@d eo6suisgaerbeif!| oiinstyedertso hecause

ergonomic considerations can be very esotergurhsituations, where, making the

instrument fit to performers other than its inventor can be very problervkdiceale

and McPher s on 06 sey,(wBich Was)conductdd with&0 dégitial luthiers

revealed a similar finding: the most common target user for the new musical

instruments were the instrumamikers themselves (58 out of 70 respotslen

Furthemore, Gurevich (2017) proposes that all the roles being inhabited by a single

person,can be the failure to create a repertoifor new generation musical

i nstruments) . HedlI , (2019) al so argues t he
instruments to compoee for them to study unconsidered issues and musical

opportunities.
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2.2.1.2 Audience Perception and Engagement

New musical instruments and their surrounding interactions caused a paradigm shift
also in relation to the audi eprgeacesf | i ve
digital technologies empowered performers with immense flexibility in relation to

how they generate sounds. In other words, the musicians are no longer bound with
specific physical gestures, which form the building bricks of acoustic musical
interactions. However, this flexibility creates serious perception problems for the
audience due to lack of obvious cause and effect relationships during the

performance (Schloss, 2003; O6Modhrain,

It is common knowledge that for any performing musioi , audi encebs p:

(and thus, appreciation) of and engagement to the performance is of utmost concern.
There are multiple factors, which facilitate this appreciation and engagement:

Music (6End Productd of the Performanc
Visibility of the perfornance

Cultural associations with the music and musical instrumentséFals2002)

w0 N PR

Il nstrument 6s construction (embodi ed v
Wanderley & Kirk, 2000; Jord~™, 2001; F
5. Mapping transparency (Fels et al., 20P&deiros et al., 261

7

However, for the audience, ounderstandi
musical instrument becomes a prerequisite for being engaged to or appreciating the
performance; (Lyons & Fels, 2013) because the audience can get édidiyathe

|l ack of 6observable primary c-mantoeed ( Pali
factors, the third and fourth directly influence the fifth. There is a clear consensus in

the literature, which suggest that decoupling in new musical instruments carese m
opague mappings compared to embodied instruments. In addition, temporality of a
musical instrument (for how long it endured) and the cultural associations linked to

that instrument also affect the transparency of the mapping:

Both player and listenarnderstand device mappings of common acoustic instruments, such
as the violin. This understanding allows both participants to make a clear cognitive link

bet ween the playerés control effort and the
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the perbrmance. For many instruments, this link is sufficiently integrated into the culture as

to make it bi directional. In this situation, observing either the sound or the effort provides

access to the other. For example, one can picture the vigorous sdwinmtooso violinist

while listening to an audionly recording of a particularly exuberant performance. Likewise,

watching a good pantomime of a vigorously sawing virtuoso violinist evokes an expressive

sound performance [ é] rbrha long cuktirad assoeiation lwitho benefi ts
traditional instruments, expecting certain inputs to result in certain outputs. Both of these

factors make the mapping transparent for the audience. (Fels et al.p2009

Medeiros et al. (2013) suggest that utiigz well-designed visual feedback, (visual

cues in instrumentodés design, visualization
sound output (Lyons & Fels, 2013) and interactimetaphors (Fels et al., 2002

might be a useful strategy in order to improved@aue nc e 6 s perception C
engagement to the performance.

For software instruments and unconventional controllers, the performance dynamics

get even more unfamiliar. Live performances, which involve the use of laptop

computers or digital tablets (as shown Figure 2.8) feature extremely opaque

mappings. The lack of physical effort (for playing the musical instrument), familiar
gestures or Vvisible 6cause and effectd, al i
From the audi enceds nvphwng kepbeacdtandvneoyse dligks er act i or

become unknown territory in musical context.

How could we readily distinguish an artist performing with powerful software like
SuperCollider or PD from someone checking theimal whilst D3ing with iTunes?
(Collins 2@ 3 , as cited in Jord", 2005) .

In such circumstances (including DJ performances), musicians often exaggerate their
physical gestures in order to capture the au
way into the performance. However, as these gestueesi@ directly related to

sound generati on, they dondét I mprove the sit
musical performance such as a classical music concert, audience can easily recognize

the 6dcause and effect d (herigbt.hangof thenpiasot 6 s hand s

and the sounds get more treble) and engage in the performance.
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Figure28Audi ence engagement : Il ron Maiden vs. O6Laptop

Krefeld (1990; as cited in Vertegaal et. 4B96, p.2) states that

1. Artists need téeelapieceas it i s being created and perfor

2. The audiencegerceives the physical effoas the cause and manifestation of minesical

tension of the piece [ é]

Fel s e(2002)awo-axiss transparency framework explores transparency of
mapping for the performer and the audience in relation to each other in order to
predict the expressivity of a musical instrument. The transparency of each axis varies
between 0 and 1 and the traasgncy of the mapping depends on different factors for

the player and the audience (shown in Figure 2.9).

Audience Transparency

Player Transparency

Figure2.9 Transparency Framework for performers and audience to predict expressivity (FeX0eppl.

For the performers, the factors, which determine the transparency of mapping are
cognitive understanding and physigabficiency. Cognitive understanding requires

the performer to be familiar with the control parameters and their expected sonic
outames. Experience gained with the instrument improves this familiarity. Physical

proficiency is based on the performeros
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which i mproves through practise. The audien
require physical proficiency but a general understandmd Ohow that musi c
instrumentworksd This understanding comes from both the cultural knowledge and

the physical causality relationships (Fels et al., 2002).

As seen in Figure 2,%9here are four regions the framework marked OO, OT, TO

and TT. The OO quadrant indicates a mapping that is opaque for both the performer
and the audience, where as, mappings fall within the TT quadrant are transparent for
both the performer and the audience. The mappingsatteatransparent for the
performer but opaque for the audience or vice versa fall in the OT and TO regions.
Most traditional acoustic instruments (e.g. piano, violin, guitar) fall within the TT
quadrant. Embodiment (as opposed to decoupling) and culamélerity makes the
affordances (Norman, 1990) apparent to both the performer and the audience. Many
of the new musical instruments, especially the ones which do not derive from
existing archetypes, feature extremely complex or unfamiliar mappings that ar

opague to both performer and audience (OO).

Fels et al. (2002) propose that new musical instruments can be moved out of the OO
quadrant by:

1. Making an instrument simple

2. Adding desirable functionality

Simplifying a musical instrument might make it easier for the audience to understand

the mapping and interaction but it does not necessarily make it simpler to play (OT

guadrant) (e.g. a piano keyboard is a simple interface yet very hard to master).

Adding functionality might increase the motivation of eaalgopters (Norman,

1998) to |l earn and play the instrument but v
perception or engagement (TO quadran§els et al.further conclude that the

drawback of this gmoach is that neither of these methods have a base in existing

literature.

Hundreds of years of acoustic tradition has made it a common known fact that
musicians rely on the micichanges in the vibrations emanating from the bodies of

their instrumentsj.e. vibrotactile feedback, in order to simultaneously inform and
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readjust their playing during a performance (Rebelo, 2006). Haptic and vibrotactile
feedback is critical for both high levels of control and engagement with the
instrument. However, the awlice experiences the musical performance through

only sonic and visual stimuli. Hence, a lot of research effort have been focused on
facilitating t he audi enceos perception

performances with new musical instruments.

Guntheetal.( 2002) <carried out an experi ment i
performance experience through haptic simulation. Gunther et al. introduced what
they taaltlil 6 composition or aestheaic co
musical composition which also included specially designed vibrotactile elements.
They developed fulbody vibrotactile stimulators (suits) for audience members to
experience a series of concerts both sonically and physically in MIT Media Lab in
2001.The results of their experiment revealed that haptic stimulation improved the

audiencebs ability to comprehend and app!

Similarly, in their research, McDowell and Furlong (2018) propose to enhance
audi enceds per faodrengageroeat theongh anraugmentateon, which

they refer to asé h a t is ¢ .e MaDowgllb and Furlong carried out two
consecutive experiments where, the listeners were presented a representation of
vibrotactile feedback experienced by a classical gsttaduring a performance

through a haptic component. The results showed that the haptic stimulation not only

i mproved t he audi enceobs engagement , bu
performance as well. The authgreopo® that the multimodal mediation of sia

could be the next step in improving the

Bin et al.(2016) conducted an audience study in order to explore how technical and
musi cal familiarity affect the audienced
authorss ought answer s to two basic guestio
understanding of the instrument contributed to their enjoyment or interest in the
performance, and whet her t he musi c styl
engagement. The experiment invedl a concert where two DMI designer/performers

each performed 2 pieces in different styles. The audience were given technical
explanations of the instruments each half of the concert. The results showed that
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while the technical explanation had improveethaudi enced6s wunder standi
instrument, it had no effect on their interest or enjoyment where as, performance of a

conventional music style as opposed to an experimental one significantly increased

the audienceds e@Olefurtherpt op®Bs e tehatalt he audi
listening habits affect their overall experience.

O6Modhrain (2011) proposed a framework for e
(DMI) based on the perspectives of different stakeholders: audience,
performer/composer, designand manufacturer (and even possibly the customer).

O6Modhr ain beli eves t hat t he audi ence eval
engagement and argues the i mportance of the
of the performance as a critical parameterinstrument evaluation; especially in

relation to gesture and sound relationships in new musicat er act i ons. O6 Modh
further proposes that involving the audience in the design process of a DMI can

ensure that the casual gestsoaind relationships arevaluated by an important

stakeholder, who is primarily affected by the opacity of interactions during the live

musical performances.

Taking O6Mohdr ai nds suggestion to i nclude
process, Fyanst al. (2012) carried out a pcipatory design study that took into

consideration thebent i re ecol ogy of d inaudingathe musi c al
audience. A pogperformance audience questionnaire was used in order to explore

the audiencedbds perceptiwen | ofast hédhenpweealf oir me e
levels. According to Fyans et althe audience were neither able to understand the

interactions nor make accurate judgments regarding the skill levels of the performers

due to the opacity of the interactions. Hence, thearsthelieve that designing DMIs

through a participatory design based approach that includes the audience can address

the Iissues concerning audiencebs understandi

Departing from OO0Modhr atiah @812) fpopesedeano r k , Bar |
evaluati on met hodol ogy based on t he audi e
demonstrated the practical application of their methodology through a case study

carried out with a prototypical instrument callddsio. Similarly, Jord”™ an
(2019 foll owed OOModhrainbés ideas on the i mpol
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proposed a methodological framework for teaching evaluating and informing NIME
desi gn, where they specifically consul te
mapping strategis. Wuet al.(2016) carried out an empirical evaluation of a gesture
controlled vocal processing DMI (Tibetan Singing Prayer Wheel) where they
compared the effectiveness of alternatiyv

perspective.

Fyanset al6 2010) experiment explored how the audience forms an understanding

of error between a performer and an interactive electronic instrument.

Taking into account O6Mdohrainbés framewo
out a practicdbased research study irvdi sound performance with electronics in

order to investigate audience experience for new insights. Their experiment was
based on a structured improvisation system callSAWIP which involved two

players and two instrument sets. Following IN®©SAWIPperformances, Lai and
Bowemann (2013) conducted posperformance interviews with the audience
members and they were able to generate four guidelines, which may be used in the
decision processes concerning the design of new musical instruments, interactions

and the performances:

1. Make a performance space that is visually and sonically comprehe@sive.
2. Consider showing the instruments and your interaction with it to the aud@nce.
3. Consider having clearly evolving musical and performance structDres.

4. Involving multiple performers in an ensemble setting adds contrast and dynamic to the
performance, however, closer connecti-ons, s u

making process, have to be establislfpd173

Similar t o Ma g nyaensdesigriing cofsBaints,OBiet ak (R018)
explores how disfluency of a musi cal i ns
the musichinteraction. Bin et alargue that while constraints and disfluency appear

to be analogous, the main differencetvibeen these two dimensions lies in their
temporality. Constraints of an instrument remain stable over time where as,
performers improve on a disfluent instrument as they get more familiar with it in

time. A usefcentred study was carried out with 6 prefesal musicians who
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performed on 3 prototypes with varying levels of disfluency (i.e. none, mild and

heightened) in front of a live audience. According to Bin et al., (2018) incorporating

di sfluency does not have an itmpwewtit on audi et
facilitates the audienceds understanding an
because the disfluency of the interface allows the performers to disfiat/and

controlon the instrument.

2.2.1.3Audience Participation

While the audience has e mai ned a Opassive entityo in ||
contexts for centuries, the new musical interaction paradigms have indeed attributed

new roles to the audcireenacteo rabs oo6fp atrhtei cpieprafnotrémao
other hand, the audience papation in computer music has long been limited due

to resources and technology (Hindle, 2013). A substantial amount of proatied

research has been carried out, especially with mobile musical instruments, which

enabl e and f ac iveparticpatien toahe tve musicabpérrmances.i

Gol an Levinbds Dialtones: A Telesymphony (200
performance to engage the audience by using their mobile phones (Freeman, 2005;

Lee & Freeman, 2013). While this perfoance can be considered as a collaborative

work between the audience and the composer,
role (McAllister et al, 2004; Freeman, 2005; G&h Wang, 2011; Le& Freeman,

2013) because the music is created by dialling audience mobile phones at specific

times to play pre&eomposed ring tones.

Hindle (2013) proposes a framework, which uses mobile phones and similar mobile
devices to provide the audience an interface
in order to facilitate their interaction wit
pradice-based research involves seven different instruments that can run on a

relatively crossplatform system calledSWARMED (Shared WAFi Audience

Reactive Musical Extemporization Design), which can be used on angnatibed

device such as smagphones talets and laptopsSWARMEDallows the audience to

control part of a sonic performance or installation through the browsers of their

mobile devices.
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Weitzner et al. (2012) also proposed a cliesgrver system for mass audience
participation called massMobile which allows for reatime btdirectional
communication between the performers and the audience through existing wireless
protocols. They describmassMobileas being a configurable flexé and scalable

framework for collecting and processing audio inpu

Similarly, Lee and Freeman (2013) propose a work cadetbbofor largescale
audience participation and engagement t
phones. Lee and Freemand6s system provi d:
mu s i c i alsthe hglenel musical structure but does not generate any sounds.

The musi cal structure is then transferre:i
can generate sounds in a harmonically controlled manner. An additional acoustic
instrument player ab joins the performance not only to improve the music but also

to improve audience engagement througitieation.

S. Parket al.(2013) report a collaborative work call8dund Surfing Network (SSN).

SSNis a new mobile phone based interactive systenchwfacilitates the performer

and audience to control spatial sound distributi®@&Nu s e s t he audi e
smartphones to form a multichannel speaker system, where the audience can sense
the soundds spati al movement notheronl y ¢

smartphone screens and anstage visualization.

Mazzanti et al. (2014) employ a different approach and facilitate audience
participation through the use of augmented reality (AR). The authors report their
concept and platform titledAugmented St where participatory audiovisual
performances are created with audience collaboration. Their concept is based on
superimposing virtual objects on the concert stage and allowing the audience to
mani pul ate these objects talnrooergohcontrohe i r r

visual and sonic feedback.

Nishidaet al.(2019) explore the performaudience interaction and collaboration on
smart mobile devices through AR, VR, réiahe 3D audio/video streaming,
advanced web audio and gesture controller &irtnstruments. According to the
aut hor s, the performers can use the aud!

additional layer of musical expression to their performance while also turning the
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audience into active collaborators. Nishida et al. belitvat VR and AR
technologies have a strong potential in facilitating the paradigm shift regarding the

role of the audience in live musical performances.

The use of biometrics to create sonic and visual outputs have been a popular method
in new musical intexctions. According to Angel (2011), composers and artist such as
Alvin Lucier, David Rosenboom, Atau Tanaka, Yoichi Nagashima and Mariko Mori
have experimented with biometrics to create music, installations and interactive

performances as early as the rh860s.

Since then, various research studies have used a wide range of biometric
identification techniques, such as: hemodynamics (measuring blood volume changes
through a photoplethysmograph (PPG) (McGee,&#li, 2011), electromyography
(EMG) (measurig electrical currents generated in muscles) (Nagash2003;
Angel, 2011), electroencephalography (EEG) (picking up electrical activity from the
scalp surface) (Angel, 2011), galvanic skin response (measuring fluctuations in the

electrical resistance df¢ skin) (Hamilton, 2006).

While the aforementioned studies have focused on the user (performer), thanks to the
developments in wireless communication and smart devices, recent research has also
collected biometric data from the audience in order to ifam audience

participation and c@reation during live performances.

Fan and Sciotto (2013) report a study, where they achieve audiemreation of
reattime audievisual content through a hybrid interface for mobile devices that
collects biometricnformation from the audience through PPG (heart rate) and EEG

(brain waves).

van Houtet al.(2014) propose a different direction in audience participation in live
performances through a system they designed for dance Elgbasriois composed

of several designated interactive areas on the dance floor, which have been
illuminated through laser beams. While dancing, the audience members influence the
music by interrupting the laser through their movement. In other words, they shape

their sonic experience by their own gestures and dancing.
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Lee et al. (2014) introduced a system that requires no infrastructure and minimum
user configuration in order to distribute mobile applications using mob#eoad

network in context of audience paipation.

Hirabayashi and Eshima (2015) developed a method of communication, which they
cal l 6Ultra Sound Communicationd (USC),
audience by utilizing high frequency sound IDs. Through their musical work titled
Sense of Spagcdlirabayasahi and Eshima (2015) achieved synchronizedimeal

music compositions between the main performance and mobile devices of the

audience.

Shawet al.(2015) report their projedtields a web based sound diffusion method,
which enable the audience to participate in the live performance through their

handheld mobile devices that are used as a collective array of speakers.

Similar networked collaborative studies have been carried out by Tanaka and
Toeplitz (Tanaka, 2000) where theiulti-site network music installation enabled
performers and visitors in physically different places on Earth to collaborate with

each other in real time.

Gimeneset al. (2016) conducted two live sound installations titledrformance
without BordersandEmbodied iSountespectively through two distributed computer
systems called Sherwell and Levinsky Music. The former offered a cloud based
voting system for the audience where as, the latter enabled the audience to participate
in sound generation by motidracking through their smart phones.

2.2.2Design and Evaluation of New Musical Instruments

The task of evaluating DMIs is in fact strongly linked to that of designing them, and knowledge

gained in any side of the equaltMeadap208dhoul d compl

Per ry Rimciplésdos Designing Computer Music Controll2)01) is one of
the earliest sources in the literature, which gives recommendations for designing new
musi cal i nstruments. Cook <consiadomses hi s

p hi | o)sasapsét pf@pinions based on his practiesed research spanning over
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15 years of designing and constructing controllers. Cook (2001) believes that his
pri nci pl practical ssuestfoethetmoderé instrument craftspersoirac 6 :

Some Human/Artistic Principles

Programmaubility is a curs@
Smart instruments are often not sn@rt
Copying an instrument is duntileveraging expert technique is smart

Some players have spare bandwidth, some d®not

o ®np PR

Make a piece, not an instrument or controfler
6. Instant music, subtlety lat€y

Some Technological Principles

7. MIDI = Miracle, Industry Designed, (In)adequdde
8. Batteries, Die (a command, not an observatidn)

9. Wires are not that bad (compared to wireless)

Some Other Principles

10. New algorithms suggest new controllers
11. New controllers suggest new algorithtns
12. Existing instruments suggest new controllers

13. Everyday objects suggest amusing controllers

Whil e Cookds principles s oaatinsttumenffeatunesy poi nt o
functions and properties, Cookds work doesnbo
to achieve these goalé&Mefle @014)dAdditnalty,, 2011; J

more recent devel opments in tecnhiplesl ogy

obsolete.

Cook (2009) revisited his design principles (2001) in 2009 with an expanded and
revised version, where he sefffleced on the validity of his original principles,
while adding new recommendations, which cover a wide range of subjeots f
compatibility to practicalities of logistics, new musical ensembles to music education
through new instruments. Cook also conducted a pralsised experiment where he
re-designed one of his controllers in order to inform his principles conceReng
designing controllers Building more than one prototypée-design), backward
compatibility, colourcoding new wiregconnections of new functions and features),

documenting these alterations for future modifications, constructing controller
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proxies(through creating a graphical user interface (GUI) that sends the same signals
as the controller), anduilding diagnostic featuresand displaysare the main

outcomes of his updated principles.

I n his PhD dissertation, Jord” (2005) p
both the design process and qualitative evaluation of new electronic musical

i nstruments. Jord”™ el aborates on some ve
are relevant fomot only new instruments but also traditional ones. Playability,

l earnabil ity (and l earning curve), ef fi
efficiency), effort, ease of use, diversity (flexibility of the instrument to be used in
different musical stles or contexts), idiomatism and individualities, improvisation,
configurability, controllability, virtuosity, variability and reproducibility
(repeatability), scores and musical notation, composers vs performers, predictability,

fault tolerance, explordliiy, time and expressiveness are among the concepts and
dimensions he discusses in relation to designing and evaluating new musical

i nstruments and interactions. Jord”™ disc
of whatheterms @ g o o d i naadthe expioges thedaforementioned dimensions

in different contexts and use seeios (i.e. novices vs virtugslive performance,

longevity) as well. As a professionaldi gi t a( J druda"h,i e2®0 1) wh o

both designing and building software andfting in histermsé musi cal ,comput
Jord-” states that his conceptual framewc
researchi i ncl udi ng ot her |l ut hi er so research

paradigmatic T and thus, his principles, suggestions assplanations are
ideologically tied to his personal ideas tastes or beliefs about music and aesthetics or
evenpoli i cs. Jord” 69 dilsseritnactliuodne s( 2a0 065d i gi t
where he Osynthesizesd al |l s dofteningkeew conc
electronic musical instrument design in 25 successive steps. This digital lutherie
decalogue is at least as important and useful as his framework, especially in relation

to how Jord~- (2005) makes connditionali ons |

acoustic instruments and the future of electronic musical instrument design:

1. Identification of the quintessence of new digital instrumewtsat they can bring of really

original to the act of music performance; how can they redefife it.

45



2. ldentification of the drawbacks or obsolescences of traditional instrumehés;limitations

or problems could be eliminated, improved or solv@d.

3. Identification of the essential generic assets of traditional instrumehtst; qualities we

should never forgeadr discard(p. 9)

Wanderley and Orio (2002) proposed one of the earliest evaluation guidelines for
new musical instruments, where they borrowed various methodologies for the
evaluation of input devices from Human Computer Interaction (HCI) and discussed
their applicability to musical interaction. Wanderley and Orio suggest that certain
dimensions of usability such as: learnability, explorability, feature controllability and
timing controllability are relevant to musical interaction and they can be used as
guidelines for the devetmment of musical tasks. Furtiheore, the capacity to
perform certain musical tasks can act as benchmarks for the evaluation of musical
controllers.However, it has been noted in the literature that existing HCI evaluation
methods(e.g. talkaloud protocols) may not be suitable for evaluating musical
interactions because how to conduct them in musical contexts is not obvious
(MarquezBorbon et al, 2011) as musical interactions have creative and affective
aspects, which cannot bestebed as tasks, and dimensions such as timing and
feedback interactions further complicate the development of reliable experiments
(Stowellet al, 2009).

Overholt (2009) proposes a conceptual framework for the design of expressive

musical instruments #ad The Musical Interface Technology Design Space
Overholtoés framewor k expl ores concepts S L
comprehensibility, physicality), controller behaviour, synthesis algorithm, instrument

identity, mapping methodology and expressiange. Overholt (2009) suggests that

his framework provides designers a theoretical base for creating new musical

instruments and interactions while also acting as a set of guidelines for analysis and a

taxonomy of design patterns for interactivity in masiastruments.

As mentioned in the Stakeholders section of
framework for evaluating digital musical instruments brings a multidimensional
perspective in the literature by emphasizing the possible differences in different

stakehol dersd <criteria when evaluating new
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These stakeholders are: audience, performers/composers, designers, (component)
manufacturers and consumer s. O6Modhr ai no
enjoyment, playabty, robustnessand achievement of design specificatiomdjich

should be evaluated from the perspectives of these stakeholders.

In summary, performance should be considered as the ultimate evaluation of any instrument
design, and digital instruments ame exception. Performers are the only people who can
provide feedback on an instrumentés functioni
intended, that of live music making. And yet performers, too, can adapt to properties of
instruments that are nadeal i the sticky pedal on a piano, for exampleso that an

i mparti al assessment of an instrumentoés pl aya
assured. (OgmMBmdhrain, 2011

Barbosaet al. (2011) conducted a usearentred study in ordeto propose an
evaluation methodology from the perfor me
testing a prototype instrument through both ssdgsions and a focus group. The
performer is undoubtedly the most important stakeholder in the design proaess of
musi cal i nstrument (O6Modhrain 2011). H «
carried out with only four users and while the authors mention that the users were
familiar with technology and music, they were not professional musicians. It would

be intereshg to conduct the same study with a larger group of professional

musicians and compare the results in relation to their dimensionality.

Magnusson (2010) approaches software based musical instrument design from an
affordances and constrainfgerspectiveln his study, he deliberately creates certain
constraints on three software instruments and explores which dimensions of new
musi cal i nteractions ar e affected by tt
Magnusson refers to affordances and constraints@sides of the same coimhere

musi cians make use of affordances to exp
issues) where as it is the constraints that define both the prohargcterand the

limits of the instrument; in other words, its meai expression possibilities.
Magnusson further conclude that constraints become available for the performer and

the composer to explore at the level of sound and mapping engines (Boden, 1990;
cited in Magnusson, 2010). Hence, expressiveness and virtigosiy to be found at

the level of the interface where performer interacts with the affordances, but at the
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codelevel where the instrument designer sets the structural and conceptual
l i mitations for the Oexpressild)le spacebd

Morrealeet al. (2014) base their conceptual mod@INUET ontheb e x per i enc e
t h e p With yhe inténtion to reduce the complexity of the design space in order

to emphasise the experience of the performer. They verify the reliability of their
framework based on comparisons with the related work and a case study carried
through a prototypical study. Morreale et al. believe that their model can help
designers ta) position their work in a structured design space, ii) to elaborate ideas

and objectives when designing a new interface and iii) to guide the evaluation
process. Additionally, the framework also introduces a temporal dimension,
composed of two consecutive stages for designing and evaluating new musical

instruments: goals and specdtions (Figure 2.10). The first stage; Goal describes

of

of

the design objectives based 6nP e o (pérferders and audiencep, Act i vi ti es o

(motivation, collaboration, learning curve and ownership) an@ o n t (enxsic s 6
style, physical and social environmemihere as, the second stage; Specifications

proposes 6 T e ¢ h n o (cangol, ensaPping, operational freedom, embodied

facilitation, input, feedback), which are necessary to achieve the objectives. Once the

designers move on to the prototyping stage throhghspecifications, they can go

back and evaluate their designs based on the goals of the model. The authors explain
that these four entities enable designers to explore the design process from a user

centred perspective and the sub dimensions of theseemifer directly applicable

design perspectives.
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Blaine and Fels (ZIB) explore collaborative experience through multipgformer
instruments and argue that collaborative interaction facilitates communication
betwee per f or mer s . reBdarah focesesam idstrument design with
low entrylevel skill aimed at novice users but they also acknowledge the importance
of balancing the tradeff in relation to sacrificing a high ceiling of virtuosity. The
authors propose&en dimensions for designers to consider while designing interfaces
for collabomtive performance experiencéscus, location, media, scalability, player
interaction, musical range, physical interface, directed interaction, pathway to

expert performancandlevel of physicality

Erkut et al. (2011) repurposed an existing multimodateraction and evaluation
model (Obrenovic& Starcevic, 2004; Obrenoviet al, 2007) for the design and
evaluation of new musical instruments. According to the authors, the design of the
musical interface can employ a simple (visual or auditory) or coa{ptEmbination

of simple modalities; i.e. audiovisual or audiotactile) modality. Similarly, the model
can be used to evaluate basic or complex constraints. The basic constraints can be
related to the user (user feature, user state and user prefereng®roaldactors

(device constraint, environmental constraints and social context).

Cantrell (2017) proposes a critical framework composed of five broad cultural
categories for understanding historical, creative and technical dimensions
surrounding new musal instruments. These categories goeactical research,

artistic performance, hacking/making, commercial productaod self reflexivity.
Cantrell argues that the comparisons between the relative strengths within and
between these five categories can be used to assess NIME works based on criteria
drawn from areas of practice within the field.
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User-Centred Research Carried Out with ProfessionaMusicians

While all the aforementioned models frameworks and guidelinglse substantial
contributons to the design and evaluation of new musical instruments, what they

lack in common is thef ac't t hat they usually r el
personal/practial experiencesln cases where those studies involvweskrcentred
experimentsgeither the ample size is too small or theserswere not professional
musicians.This section presents noteworthy usentred research carried out with

music professionalsi.é. professionals from the music industry including makers,
composers, producers, etc.). While these research works consult expeirts,

findings often fall short of generatingctionabledesignrelevant information due to
insufficient depth of detail This issue is particularly important becausesigners

(and musical instrument makerged more concrete and practicable starting points.

Paine (2009) suggests that while electronic music performances with laptops have
become widespread, the keyboard/swinteraction and the opacity of the emerging
relationship between performance gestures and the musical output creates
engagement problems for the audience in relation to what Paine@alisunication

of musical intentFurthermore, Painargues that thdevelopment of new electronic
instrument design has been impeded by the absence of a generic model for musical
control. Hence, a user centred study was conducted with professional acoustic
musicians (Painet al.,2007) in order to explore the fundamerdahtrol parameters
professional performers use while performing on traditional instruments. The study
also investigated f r om t he per f oirhonetmese&onfpobparanpeterst i v e
affect the timbral characteristics of their music. Based on the séuntured
interviews carried out with nine professional acoustic musicians, Raigleused a

two step qualitative analysis procedure in order to reveal fundamental music
parameters of acoustic instruments suchtase, dynamics, volume, expression,
duration, vibrato, articulation, attack, release, sustain, pitehd intonation. The
second stage of the analysis led to the development of two modelg: parameters
modeland control parameters modelhrough these models, Paist al. were also

able to identify five essential music parametersdyifamics, pitch, vibrato,
articulation and attack/releasp and four predominant physical control parameters
(pressure, speed, angénd positior), which the musicians use in order to generate
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the musical parameter The model also reveals the interrelationships between the
control parameters and audible timbral

while the role musical expression or musicianship plays in aesthetic decisions.

Following the creation of thenodels, Paine (2009) also carried out a prototypical
experiment in order to use the knowledge generated by the models to better
understand the dynamics related to +#t@ak musical performae contexts.
According to Painethe models which is derived fromperformer perspective can be
used for the design of computer music interfaces, which utilize a gestural language
for live musical performances on a laptcomputer. Additionally, Paineelieves that
pressure, speed, angdnd position can act as desigguidelines for the design of

future musical interfaces.

J o retlal.(2016) argue that especially for commercial musical instruments eliciting
the insights of potential users is critical for the success of the instrument. Hence,
Jord” et a fessiomlelecsranic daacé mysic groducers through beth in
depth interviews and online surveys to iteratively inform the design and development
of an interactive drum generator. The professional user insight was used as design
requirements involving highebvel user control, musical style and variation

possibilities.

Santos (2019) conducted a usentred study with six expert woodwinds musicians
in order to explore the interrelationships between timing manipulationshesital

gestures. Santosoncludes that relationship between sound and gesture is indeed

char a

related to the performerds artistic/expressi

Similarly, Berthautet al.(2015) propose a design framework in order to improve the

perception of Ohe iauthermme gguGe itrmhabMIlitdh.e audi

enced

causality between a performer 6s gestures a

liveness.Berthaut et albase their framework on a psychological thedrgeory of
apparent mental causatiofWegner & Wheatley, 1999), whiclsuggests three
criteria for inferred causality: priority (temporal order of events), consistency
(congruence between the content of intention and related action) and exclusivity
(number of possible causes for an action). Berthaut et al., (2015) ceddugser

centred experiment by designing and visually augmenting three prototype DMIs for

52



each of the aforementioned three criteria. Accordintip¢oauthorsthe results of the
experi ment suggest that the causétheity f a

relationship between performerds gestur e:

Gurevichet al.(2010) explored the emergence of musical style through constraints in
new musical instruments. Gurevich et al. designed nine identical copies of a one
button simple musial interface and uséested the prototypes with nine
undergraduate and postgraduate music performance students. According to the
authors, the participants were able to develop a significant degree of diversity in
personal music style (posture, ways ofldmng, ways of playing and musical
variations) within the possibilities suggested by the constraint while also discovering
nonobvious affordances and techniques which are not directly suggested by the
instrument. Gurevich et akeport that the participas were able to develop stylistic
variations both in spite of and because of the perceived constraint.

Zappi and McPherson (2014) took Gurevic
further exploring the effects of constraints on the process of appropriat new

musical instruments. The authors designed ten intentionally constrained musical
instruments for their study, where five of the instruments had single degree of
freedom where as, the other five had two degrees of freedom. Ten musicians with
varying backgrounds (five musicians experienced in unconventional/experimental
electronic interfaces, five musicians experienced in conventional styles e.g. classical,
rock, folk) usettested the instruments through both personal practise and live
performancesAccording to the authors, while all ten musicians were able to achieve
individual styles with simple musical interfaces, enhanced freedom had a eounter
intuitive effect on the performersodo expl
hence decreased thavel of appropriation (affordances, musical variations, postures

and interaction techniques) for the musicians who were given the prototypes with

two degrees of freedom. According to Zappi and McPherson, (2014) hidden
affordances constituted the largergpmn of the variations between individual styles.

The study proposes that highly constrained instruments actually facilitate the

appropriation of diverse and unusual playing styles among musicians.
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Similarly, Tez and Brya#inns (2017) carried out an experiment with professional
musicians to explore how (intentional) interaction constraints affected their
performance experience in relation to live improvisation. The authors designed the
constraints & physical implementations and hidden rules defined on a network
between the instruments. The results of the study suggest that constraints can lead to
more structured improvisation however, the final output may not fit with the

musicianso® intentions.

Barbosaet al.(2015) state that the current inventory of DMI are either developed by
academic research based on North American or European contemporary classical and
experimental music, or as DIY projects designed and  built by
luthier/performer/composer indduals. The authors argue that there is an obvious
lack of research, which focuses on designing DMIs for musical communities of
specific/particular cultures which has their own established instruments, recognized
virtuosi, repertoire and playing styles/ge®gs. Thus, Barbosa et al. (2015) carried
out a research study specifically aimed at a local popular music community at the
Brazilian northeast, where they collaborated with the professional musicians of
Pernambuco in order to design two new musical unsénts. Barbosa et al.
employed the Design Thinking methodology (Brown, 2008), which is an iterative
and cyclical process involving three nlmear stages: inspiration, ideation and
implementation. Barbosa et al. first carried out interviews with thd lotaosi in

order to gain a better understanding of theimdus operandiThen, the authors
iteratively designed and evaluated their prototypes in collaboration with the local
musicians. This study is particularly important in the sense that it is dite oére
examples which consult professional musicians for the design and development of
musical instruments, which will be used by the samssicians. Barbosa et allso
propose that usarentred and participatory research carried out with the musiofans
local musical cultures also improve the chances of acceptance of the DMI by those

communities.

Momeni et al.(2018) practicébased research also consulted the actual performers
who would use the instrument and thus, is a valuable example of padigipaer
research that informs the design process through iterative collaborations with the
parties involved. The prototype was designed in relation to a dance/music
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performance, in which the performing musician is engaged in choreographed
movements with mbile instruments. The collaborative design methodology involved
musicians, composers, choreographers, dancers and technologists through an
iterative design and evaluation process. Momeni et al. suggest that the
met hodol ogi cal appgwa& hpdratcailnitrmag etdo ad e&di
sonic effect as early as the projectoos
interactions between the parties involved, produced an organic and responsive design
process. While musical evaluations with musisiaand dancers identified what
changes should be made in each iteration, technical dimensions such as sensor
quality, audio capture, sound diffusion, processing power, computing platform and
performance assessment of t wee alsorcarted u me nt

out as inlab assessments.

Similarly, Hattwick and Wanderley (2017) carried out multiple pradbased
research projects in collaboration with professional artists with the aim to create
systems suitable for professional artistic prdauns. Through their research
projects, the authors were able to identify seven design specifications relevant to new
musical instrument desigfunction, aesthetics, support for artistic creation, system
architecture, manufacturing, robustneasd reusablity. The authors propose that
considering these seven design aspects within the design and development process
may facilitate the instruments®o s8apport
Hattwick and Wanderlewlso propose that the interdependencies (i.e. interrelations
and crossmpacts) and temporality (i.e. in which phases of the design process they
are considered) of these seven design aspects are key for achieving longevity in

professional use contexts.

Armitage et al. (2017) argue that the majority of new musical instrument design
frameworks do not provide applicable design suggestions, especially concerning
subtle and important details. Hence, the authors used traditional lutherie as a model
for conductip a useftentred study with both violin makers and professional
violinists in order to explore the subtle nuances in instrument making as well as their
perception by the performers. The results of the study suggest that: i) frameworks
and goals form the tondations (and constraints) for design, ii) tacit knowledge (of
the designer) is mandatory for creating high quality and detailed instruments, iii) tacit
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knowledge needs comparative tools, iv) playing and testing an instrument are

different (performer) sks and v) verbal performer feedback (as opposed to
demonstration) misses details (i.e. identification of differences). Armitage et al.

(2017) also introduce the terMIMEcraft to describe subtle differences between

otherwise identical instruments and thenderlying design processes. The authors

argue t hat NI ME evaluati on relies on audi
judgement . Hence, complementing it with the
more constructive, complete and nuanced DMileation.Armitage et alalso argue

that the design tools for creating new musical instruments with an engineering

mi ndset diminish the role of the designeros
tools are neither suitable for the development of NIMEcraft skilis for the

dissemination of NIMEcraft.

Digital lutherie should not be considered as a science nor an engineering technology, but as a
sort of craftsmanship that sometimes may produce a work ,afi@tess than music J or d * ,
2005 p. 9

2.2.3Longevity of NewMusical Instruments

A huge number of DMIs are presented every year and few of them actually remain in use
(Mamedest al, 2014 p. 509

As mentioned in the previous sections of this Chatdr,o0 n gie.\sustaigability

of new musical instruments hasedm a popular topic approached by many
researchers. The last 20 years of the field made it evident that the majority of the new

musical instruments are being ever used only by their own creators (Wanglerley

Ori o, 200 2; J o r&dWander2y) P19;;McPRersor§ Kim,02012;

J o retldl, 2016; Morreale& McPherson 2017; Gurevich, 2017). Only a few new

musi cal i nstruments can be considered as

commercially adopted and used (e.g. Reactable).

There are diverse arguments pointing to different causes behind this issue. The main
causes can be summarized as: multiple roles combined in a single individual
(designer/composer/performer), lack of participatory studies with target users

(professional msicians), lack of idiomatic repertoire, low ceiling for virtuosity,
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practice based research where the prototypes are built only to inform the research
questions, and instruments created for performing a specific composition.

McPherson and Kim (2012) arenang many researchers in the field who agree to

the argument that most of the new musical instruments fail to attract a significant
following and the designer ends up being the only composer and performer of the
instrument. The authors conducted a ws@tred study with musicians in order to

explore how musician feedback can be used to inform and refine an existing musical

i nstrument s design. The researchoés main
establish a continuing role for the instrument in thieader music community.

However, McPherson and Kirbelieve that usecentred studies may be more
beneficial for the redesign or refinement stages of an instrument rather than during its
original conception. They summarize their argument in their own wardsiust 0

build it, give it to musicians, and learn from what they do. The reason for this partly

lies in the difference between how designers and new users explore the capabilities

o f an i nMdRhheresnamads (2010) el ectmaoni call
OMagnetic Resonator Pianoo -cédnfvéR Btydy with s us e
six composers and four performers. For the original design desisif the MRP,
McPhersont 0 o0 k  G2001kadhsce and designed the instrument based on a
musical compositin he wrote. Over the course of two years, during the various
performances of the composition, musician feedback was used in order to redesign
the instrumentoés constraints. The redes
the hardware system as wal adjustments in mapping and control specifications.

Then, six composers were invited to write musical pieces for MRP and the

I nstrumentds design was further refined
suggestions. As a result of their study, McPhersnd Kim (2012) offer four
suggestions (i.e. guidelines) for designers who seek to establish their instruments in a
broader music community:

Design for the first performance; then iterate.

Demonstrate uniqueness but connect to familiar models.

Sell to the adience; follow up with the performer or composer.

P O NP

Provide accesgp. 26)
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Wallis et al. (2013) also explore how musical instruments can achieve long term
engagement with musicians. They borrow from the self determination theory of
motivation and propose dhmastery, autonomgndpurposeas the three motives that
affect perceived enjoyment and thus lead to long term engagement pritialuct.

Wal | i s amadlysis ageneratss seven heuristicecrementality, complexity,
immediacy, ownership, operationakédom, demonstrabilitgnd cooperation The
authors believe that these qualities can be used throughout the entirety of the design

process; from ideation to the evaluation of prototypes.

Morreale and McPherson (2017) investigate the longevity problerm Bills,

arguing that most DMIs have difficulties in establishing themselves following their
creation. The authors conducted an online survey with 70 digital luthiers in order to
explore the longevity of the DMIs which were created between 2010 and 2044. Th
results suggest that most of these instruments had difficulty in sustainintetomg

us. Morreale and McPhersaiso asked the instrument makers to reflect on the
specific factors that either facilitated or hindered the longevity of their instruments.
The authors propose a series of design considerations based on these reflections as
well as existing research on NIME and HCI as followssignature (idiosyncratic)

features(functionality, aesthetic and craftsmanship),user experiencéamiliarity,

simplicity of interaction, setip time), iii) technology(common platforms, open

source, portability and low latency, modularity), musical possibilitiegownership

(personalizability), subtle control) and design procesgscenario devepment,

participatory design, prototyping, market analysis)

Vasquezet al. (2017) approach the longevity problem from a compositional
perspective, proposing that certain traditional musical instruments at least partially
owe their longevity to a dedicate@pertoire of music that has been specifically
composed for them. Hence, the authors discubsough presenting various projects
that involve idiomatic compositions for new musical instrumént®w the concept

of idiomatic @ style appropriate for thénstrument for which particular music is
written; Harvard Dictionary of Music, 2003; as cited in Vasquez et al.,, 2017)
compositions has influenced research and composition practises within the NIME
community, resulting in specific affordances for sonidacend spatiainteractions.

Vasquez et apropose that the historical evidence in relation to acoustic instruments

58



make musical instrument development through repertoire, which is guided by the
design and sonic features of new musical instruments,bdevigtion for the next

step in the evolution of future musical instruments. The authors argue that idiomatic
compositions may in fact shape the characteristics of new musical instrument design
to a more established musical identity, while also providispared understanding

and common literature to the NIME community.

Gurevich (2017) seems to agree with Vasquez et al. (2017) and propose that
repertoire provides a landscape of aesthetic reference points, a shared map among
performers, composers, desays, and audiences onto which individual
performances can be situated, and around which critical discourses can dgvelop
168). Gurevich (2017) further prages that the NIME community should consider
ways to create a repertoire that facilitate not grdgformances but the devetopnt

of new musical instrumentsyhere as, the process too frequently happens the other

way aroundp. 168)

2.2.4 Decoupling: Musical Instrument vs. Musical Controller

OMusi cal i nstrument & by deflows thé userng ref e
generate sounds. The sound generation process involves two basic functions:

1. The musi cal controll er; an Oinputdé co
create, control and modify the music (i.e. musical notes, melodies, chords,
clusters, nise, loops, textures, silence)

2. The sound generator; an O6outputd comp:¢

I n the context of traditional acoustic i

(integrated within aingle structure)(Mathews, 1963; Hurgt al.,2000; Wanderley

2001). In the case of a violin; the neck, fingerboard and the strings serve as the
musi cal controller (input), whha |l ees & h(es dbuor
holes) generate the vibrations and project the sound waugsu(p Similarly, in

wind and brass instruments such as a flute, clarinet, saxophone or trumpet, the

musician blows into and fingers the same structure, which also generates the sound.
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In the second half of the Twentieth Century, advancements in conijaged sound
synthesis techniques such as O6additive synt
1976), O0physical model | i ngoet 4.H98B)FRMr & Rui z
(Chowning, -d®i7T8eq§ (OGSvmivteh 1992), and &6dscanne
Mathews & Shaw, 2000) have enabled computers to generate sounds and play them

back through loudspeakers (Levighal, 2002).

This achievement |l ed to the birth of a new
controll ersdé. TAormotes o mmbnicpyntebobét eeild to as a
is a device, through which, the musician controls how the sounds createtihfgal

or stored (preecorded) in the computer will be released (Roads & Strawn, 1985;

Mathews & Pierce, 1989).

In the context of musical instrument design, the invention of controllers resulted in a
paradigmshift of critical importance because it allowed the aforementioned two
basic functions of a musical instrument to be physically and structurally separated; in
other words, as a separate controller and a sound generator (Winkler, 199%tHunt,
a, 2000; Joetal,;20022001; Fel s

Furthemore, the paradigrehift concerning controllers had a radical impact on the
temporality of sound generation as well, #@ge, in decoupled instruments, there is

no requirement for user input to result in immediate sonic output @Reig 2019).

As the physical constraints of acoustic instruments do not apply to musical

controllers, decoupling of functions makes new maidic i nstruments more O6f
in regards to design (Roads, 1996; Paine, 2013) and can open up new possibilities for

alternative control devices (Wanderley, 2001) and new ways of producing live music

beyond the traditional focus on how musical notes ageol (Paine, 2013). In other

words, new musi cal i nstruments extend music
(Medeiros et al., 201 enabling the musician to not only play notes but also trigger

prerecorded samples, effects and loops (Paine, 2013).

Electronic input devices detach the control of sound from the need to power the sound; any
one of dozens of input devices can control the same sound generator. This translates into
musical flexibility. With electronic instruments, a single wind controller cagate the low

bass sounds as easily as the high soprano sounds. Creating extremely soft or loud sounds
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requires minimum effort since the control is electronic. Obviously, the detachment of sound
control from sound production has a negative $idkeredict i on of t he o6feel
with producing a certain kind of sound. (Roads, 1996).

[@}

Whil e acknowledging the advantages of
what Roads (1996) negatively points out wiglduction of the feghctually refers to

the lack of physical feedbacthe musician receives from the sound generator. In

other words, the musician sacrifices a strong relationship with the concrete body of
the instrument (Medeiros, 28t what Paine (2013) describes as an embodied

relationship. TIs discussion is illustrated in Figure 2.11:

Controller
Sound Qutput

$ AL LE L L) ]
.

Sound Generator (Vibrating Soundboard)

Figure2.11 Representation of an Embodied Musical Instrument vs a Decoupled Musical Instrument

According to Levitinet al., (2002)during the 1990s, research in synthesis and
computefgener ated sound has placed great emp
soundd while comparatively I|little attent
control that sound. The most common earlyneges of musical controllers were
designed after piano keyboards (Roads, 1996). The haacthen of a traditional

acoustic piano is an extremely complex invention that is composed of around 100
(per single key) components. Every one of these comporieptessing a key

initiates a chain of events that eventually lead to séumak a physical impact on the
generated sound. While a MIDI controller keyboard physically resembles an acoustic
pianobds keyboar dblagkikey ayout)ithe aontrollgtkelf does nét e y
generate any sound, the chain of evéntghich involves various sensors receivers

and transmitters is completely electronic (Levitin et al., 200®Yhile this argument

is truein principle,mainstream conventionatusicalinstrument maufacturers try to

compensate for the lack of physicality in the hammer action by giving a semi

61



weighted or weighted feel to the keys through spring loaded actions or similar
mechanisms, which in turn provide physical resistance and feedbaege kind of
attempts aimed at i mproving the Oaesthetics

the synergy between industrial design, interaction design and engineering.

In addition to controller keyboards, early examples of novel controllers include
Yamaha WX7 (987), a wind controller with the product semantics of a soprano
saxophone where the player can control the sound output by blowing and pressing
keys, Roland CompuRhythm CER8 (1970), a programmable rhythm box composed

of a large array of knobs and buttoasd other electronic controllers, which were

designed to look like guitars, drum pads or other acoustic instruments.

By the end of the Twentieth Century, controllers further evolved to feature new

designs that did not mimic acoustic instruments. Thesmiments were designed to
translate musiciansé intuitive gestures mor e
et al., 2002) (for examples, see: Mathews, 1991; Rich, 1991; Boulanger & Mathews,

1997; Mulderet al, 1997; MarrinNakra, 2000).

Wanderley (201) proposes that systematic study of how musical sound can be
controlled is yet to receive sufficient scientific attention. Additionally, evolution of
musical controllers inevitably created the need for a new classification system
(Levitin et al., 2002) de to the inabilities of previous classification systems to sort

controllers into their existing structure.

2.2.5Gesture and Mapping in New Musical Instruments

In musical context, gesture and mapping are two interlinked concepts that apply to
all musical instnments. However, the relationship between gesture and mapping

becomes more decisive in the context of new musical instrument design. Therefore,
this section attempts to define and explore these concepts based on their

interconnection.
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2.2.5.1Gesture in New Musi@l Instruments

Mulder (2000) describes gesturesasd y n a mi ¢ h uan apposeal ¢otstatr n s 6
postures. Among other noteworthy definitions of gesture, such asot i ons of
body t hat c¢ on(Kuatenbacki&iHiulteen,m@90;iasocited in Midken
Wanderley 2006), or6 mov e ment s that convey meaning

c o mmu n i Hammelsenh @, 1998; as cited in Mirand& Wanderley 2006),

Mi randa and Wander |6cAndys h(u2ndaldn6 ) a cdteifom i u s &
S 0 U npdose8 to be the most holistic approach for musical context. As human
actions are not | imited to hand movement

gestures includes all intentional contact and-contact body movements.
Miranda et al. (2006) classifyestures in two main groups:

1. Gestures for which no physical contact with a device or instrument is
involved. These are referred to as: erpiyded, free, semiotic or naked
gestures.

2. Gestures where some kind of physical contact with a device or instrument
takes place. These are referred to as: manipulative, ergotic, haptic or

instrumental gestures.

Theremin (invented by Leon Theremin in 1920), is considered as one of the
archetypes of new musical instruments and it features a freecmbact) gesture
controlled interface. Since the musician plays the instrument without any physical
contact with the interface (Figure 2.12), s/he receives no primary tactile;taiiiie

or visual feedback but only sound (secondary) feedback. Thus, the instrument is

consicered very difficult to master on a virtuoso level.
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Figure2.12 Leon Theremin, performing on his electronic musical instrument; Theremin.

Jenseniugt al.(2010) define musical gestures lmasman body movemethat goes

along with sounding musi@and take a different perspective by dividing it in two

mai n categories i ncl utdeigeswresohtlrosedhatproducev er s 6 o f
the sounds (the musicians), and the gestures of those that percesmutits (the

listeners or dancers)

Jensenius et al. (2010) propose a general framework based on the work of Zhao
(2001) and McNeill (2000), which approaches gestures from the viewpoints of

communication,control and metaphor Communication gestures areedsin the

context of social interaction (i.e. linguistics, behavioral psychology, social
anthropology) where as, control gestures are used as elements of interactive and
computational systems such as HCI and computer music. Metaphorical gestures
work as cocepts that project physical movement or sound to cultural topics (i.e.

cognitive science, psychology, musicology).

Even though control gestures seem to be the main source for generating musical
interactions, Jensenius et al. (2010) propose to considaphweical gestureas a
mental entity that can be evoked from musical sobmdther words, the experience

of gesture 6within musicé (Hatten, 2003; as
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Delalande calls figurative gesture, which may be conveyedugr sound
(Delalande, 1988; as cited in Jensensius et al., 2010).

A study developed by Delalande (1988, as cited in C&Jd#zanderley, 2000) on the
playing technique of worldenowned Canadian pianist Glenn Gould, suggests that
gestures related with instmental performance can be analysed on at least three

levels; ranging from purely functional to purely symbolic:

Effective Gestures:Gestures, which actually generate the sound.
Accompanist GesturesBody movements such as shoulder or head movements.

Figurative Gestures: Gestures that are perceived by the listener but do not necessarily

correspond directly to movement by the performer.

According to Delalande (1988, as cited in Cado®/anderley, 2000) the function of
accompanist gestures is equally relatedoth imagination and sound production.
While effective and accompanist gestures are related to the physical actions of the
performer, figurative gestures are completely symbolic (C&l@zanderley, 2000).

Jensenius et al. (2010) further expand Dethlandbs wor k and cl ass
gestures based on work by Gibet (1987), Cadoz (1988), Delalande (1988) and
Wanderley and Depalle (2004) according to their functional aspects into four

categories:

Soundproducing gesturesare the ones that are effective irogucing sound. They can be
further subdivided into gestures of excitation and modification. Sound producing gestures are

called instrumental gestures in (Cadoz, 1988) and effective gestures in (Delalande, 1988).

Communicative gesturesare intended mainljor communication. Such movements can be
subdivided into performeperformer or performeperceiver types of communication.

Communicative gestures are called semiotic gestures in (@atiéanderley, 2000).

Soundfacilitating gestures support the soungroducing gestures in various ways. Such
gestures can be subdivided into support, phrasing and entrained gesturestaSititatthg
gestures are called accompanying gestures in (Delalande, 1988pbvions performer

gestures in (Wanderley, 1999), and ilacy gestures in (Wanderle¥ Depalle, 2004).

Soundaccompanying gesturesare not involved in the sound production itself, but follow
the music. They can be soutrdcing, i.e. following the contour of sonic elemerso( d Bty

al., 20063, or they caémmimic the souneproducing gesturesyo d 8twl, 2006).
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In regards to space and temporality, Jensenius (2015) classifies musical actions
(gestures) in three spatial levels:

Micro: the smallest controllable and perceivable actions, happening at a inélisoale (or

smaller)

Meso: most souneproducing and sounthodifying actions on musical instruments, such as
moving the fingers on a keyboard or MIDI controller, happening at a centimetre scale

Macro: larger actions, such as moving the hands, arms ahdbédy, happening at a

decimete to metre scalép. 16)

2.2.5.2Mapping in New Musical Instruments

I n the musi cal context, O6Mappingd refers to
with sound generation. As mentioned in the previous section, a musicamestris

composed of two main components: controller interface facilitates the input function

and sound generator facilitates the output function. Don Buchla describes an
electronic/digital musical instrument similarly, consisting of three componants:

input structure that we contact physically, an output structure that generates the

sound, and a connection between the {@idiberto, 1983; as cited in Reidt al,

2019) What Buchla refers to as connection between the tigin fact the mapping

strategies between the input and the output.

There are two main points of view (Huettal, 2000) regarding the role of mapping

in interactive systems:
AMapping is a specific feature of a composition

AMapping is an integrgdart of the instrument

Hunt et al. (2000) subscribe to the second point of view and suggest that mapping
should be considered as part of an instrument, and that it influences the way a
performer makes use of it in different contexts. Similarly, Flgl. (2002) and
Miranda and Wanderley (2006, ) define the musical instrument as composed of
three parts: the input interface, the mapping and the output interface (as illustrated in

Figures 2.13 and 2.1#spectively. There seems to be a consensus énliterature,
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which consi der s mappietnag 19a7sHuntha. 2003 sfaenc e 6

musical instrument.

Input Interface
Output Interface

Device

Figure2.13 The musical device has an input interface and an output interface. The two are related by the mapping
(Fels et al., 2002).

According to Fels et al. (2002) mapping becomes more important in new musical
instruments as opposed to traditional acoustic instnis because when the
components of an instrument are physically separated (decoupling), it becomes
harder for the musician to mentally process the connections between gestures and
sound production (Winkler, 1995; Huet al, 2000; Jord”,in2001)
traditional acoustic instruments, implementation of mechanical systems (e.g. strings
on a violin, hammer action mechanism on a piano) and form factor (embodiment)
make the mapping easily perceivable for the musician. Fels ptoglose that the
conce t of 0t rig the muaalitye of cnyapping, which facilitates this
understandingifiTransparency provides an indication of the psychophysiological
distance, in the minds of the player and the audience, between the input and output of

a device mappingy(2002, p. 109)

Consequently, mapping is the primary decisive element for instrument controllability
(Moore, 1998; Fel& Ly on s , 200(2988)condpor ebs 6 Contr ol I

directly points to the link between mapping and controllability:

The bestraditionalmusical instruments are ones whose control systems exhibit an important
quality that | cal l 6intimacyé. Control i ntior
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musically desirablsounds produced and the psygittysiological capabilitiesfa practiced

performer.| t is based on the perroftherfamdbackntrelladpj ect i ve
between the moment a sound is heard, a change is made by the performer, and the time when

the effect of that control change is heqml.21)

Since catrol intimacy depends upon gesture to sound mapping &Fklsns, 2009)

control related problems occur based on:

1 Dimensionality of mapping
1 Complexity of mapping
1 Mapping strategies

As illustrated in Figure 2.14, it is possible to employ virtually coustigovan et

al., 1997) mapping strategies between controlssmohd generation. However, Hunt

et al. (2003) suggest that different mapping strategies for the same set of inputs and
outputs will affect how the musician reacts musically and psychologicalbhe
musical instrument. It is suggested thaappings are best when they are intuitive,

and when they afford the maximum degree of expression witinmalircognitive

load (Keele 1973;Mulder et al, 1997). Additionally, while having infinite
possibilitiesfor designing different mappings seems like an advantage, Medeiros et
al. (2014) suggest that this advantage @atually become a problebecause there is

no established method or tool to guide designers in regards to how gestures should be

mapped to sound variables (Calegatal, 2013).

INPUT MAPPING
Gestures 00 _ o L o L L D - - - _
[ = [
9 I [
9 I I
[ d [
——{ Gestural | Soun | =
Controller [ Production |
[ ; [
I\ (Signal model) |
Primart | — [
Jeedback =~ ” Physical model ~
Secondary
feedback

Figure2.14 A virtual instrumentrepresentatiofreproduced fronRovan et gl1997, p.68).
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Through properly designed mapping strategies, the musician eventually starts to

develop a higher level of control and comfort on the instrument, which Burzik

describes agzlow in musical expressioffrigure 2.15) Burzik, 2002; as cited in Fels
& Lyons, 2009)

Flow 1n musical expression

Quality of Control Experience of
U e —_—>
Mapping Intimacy Flow

Figure2.15 Flow in musical expression (Burzik, 2002produced from Fels and Lyons, 2009

In regards to classifying mapping strategies, Rovan et al. (J®8@pse to combine

them in three groups:

1-

Oneto-one Mapping: Each independent gestural input is assigned to one
musical parameter, usually via a MIDI control message. This is the simplest
mapping scheme, but usually the least expressive. It takes alirearttage of

the MIDI controller architecture.

Divergent Mapping: One gestural input is used to control more than one
simultaneous musical parameter. Although it may initially provide a macro
level expressivity control, this approach may nevertheless firoited when
applied alone, as it does not allow access to internal (micro) features of the
sound object.

Convergent Mapping: In this case, many gestures are coupled to produce one
musical parameter. This scheme requires previous experience with thne syste
in order to achieve effective control. Although harder to master, it proves far

more expressive than the unity mapping.

Today, thanks to the advancements in technology, it is possible to combine the

abovementioned three mapping strategies to create watbfomultirdimensional

mapping modelKels & Lyons, 200illustrated in Figure 2.16.
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Figure2.16 Typesof mapping strategiesgproduced from Fels and Lyons, 2009

Furthemore, Huntet al.(2004) claim that even though there is substantial amount of
research on improving the effectiveness of mapping, new musical instrument
designers do not dream up the complex types of interaction that occur in acoustic
musical instrumentsSuitable mappingg must be found bet ween
and the control of various aspects of a musical tone (Ceidalz 1984; Wanderley,
2001).0

A substantial amount of research has been conducted in order to explore the use of
metaphorg an already well estailshed tool for problem solving in the context of
Product Design among many other discipliiegor creating new and effective
mappings. Wessekt al. (2002) explored a variety of cognitively meaningful
metaphors through their practibased research wherthey present custom
controllers and unique adaptations of gestural interfaces, which are used through

metaphors such as: scrubbing, drag and drop, catch and throw and dipping.

Similarly, Fels et al. (2002) explore the use of metaphors to improve musical
expressiveness through their four novel music and voice controller prototypes,
where, the authors used the metaphors of guitar playing, sculpting (claying, carving,
chiselling, assembly), falling rain and an articulatory model of speech. According to
the auhors, the results reveal an improvement in expression where the metaphors

matched the implementation. However, Fels et al. also point out the inherent
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difficulties with the use of metaphors (e.g. lack of tactile feedback, opaque mapping)
and that they workv e | | if the performerdés initial
consistent. Fels et al. suggest the use of metaphors in desigtegpiagstonefor
performers and audiences and recommend designers to provide a directly accessible

and enhanced functiahty when the metaphor cannot achieve consistency.

2.2.6 Feedback in the Context of New Electronic Musical Instruments

Feedback is a very critical element of musical interaction, simply because it informs
the musicians the results of their actions. Traditi@@lustic musical instruments
generate similar modes of feedback due to their physical construction and
implemented mechanical systems. These feedldaaksnost partg is exclusive to

the performer rather than shared with the audience.

In the context ofmusical interaction, types of feedback can be listed as: tactile,
kinaesthetic, haptic, vibrtactile, audio (or sonic) and visual. As explained by
Bongers (2000), the sense of touch consists of three main senses, which are often

difficult to separate:

Tactile perception receives its information through the cutaneous sensitivity of the skin,
when the human is not moving. Proprioceptors (mechanoreceptors that sense forces in the
muscles, tendons and joints) are the main input for our kinaesthetic sensb, isvithe
awareness of movement, position and orientation of limbs and parts of the human body.
Haptic perception uses information from both the tactile and kinaesthetic senses. Active
haptic perception, when actively gathering information about objet¢ssdeuof the body, is

the main sense that can be applied in interfaces. The tactile, kinaesthetic and haptic
perception together, is called tactual perception as defined by Loomis & Leederman (1986)
building on the seminal work of J. J. Gibsarthe fifties. ¢. 45

While only the performers receive tactile, kinaesthetic, haptic or “édutde

feedback (they require physical contact with the musical instrument), audio and
visual feedback are shared by the perfoa
perception of the physical gestures of the musicians, as well as the physical changes

on the interfaces of the musical instruments, (e.g. depth change in piano keys or
movement of bows and strings on a cell o)

well.
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In traditional acoustic instruments, the musician has an embodied relationship (Paine,
2013) with the concrete body of an instrument. This relationship enables the

performer to adjust his/her playing dynamics instantly through tactual or haptic

feedback:

A pianist can see and locate a specific key before playing it, can use the resistance of the key
action mechanism to help know how hard to press the key, and can use the feeling of
adjacent keys to keep track of hand positi@obrian and Koppelman, 2006. 280

However, in new musical instruments, the emergence of popular interfaces such as
touchscreens (Figure 2.17), do not always provide the intended results for musical
interaction due to lack of tactual feedback. Tufte (2011)rough examples of i
sculpture worki suggest that tactile information transmitted from flah surfaces,

is critical for perceiving the environment with which, humans interact. These
surfaces arecomplex, luscious, subtle, responsive, warm or cool and -three
dimensional tahe touch; offering rich microphysical informatiowhich is created

and detected by hand, when the artwork is touched.

There is no such hand in touchscreen computer devices. The touchscreen has no texture
variation, has no physical surface informationdésd flat, reflects ambient light noise, and
features oily fingerprint debris when seen at a raking angle Hselegant sharp edges that
encase many touchscreens require users to desensitize their hands in order to ignore the

physical discomfort prodwed by the aggrs si ve edges [é]. (Tufte,
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Figure2.17 A Soft-instrument app on a digital tablet with a touchscreen interface.

According to Victor (2011) there's a reason that human fingertips have some of the
densest areas of nerve endings on the bddh sense of touch is essential to
everything that humans have Mictrflrthed &6wor
suggests thahis is how humans experience the world clopeas well as how tools

0tal k back6é to humansd.n Wi wd hRceseUderrinst er
Glassi is a technology, which sacrifices all the tactile richness of working with

hands, offeringintad a O6hockey visual fa-adebo.

Pictures Under Glass is an interaction paradigm of permanent numbness. It's a Novocaine
drip to the wrist. It denies our hands what they do best. And yet, it's the star player in every
Vision of the Future. To me, claiming thaictures Under Glass is the future of interaction is
like claiming that blackandwhite is the future of photography. It's obviously a transitional

technology. And the sooner we transition, the better. (Victor, 2011).

According to Norman (2010), even tigh marketers label touchscreen products as
O6Natur al User Interfacesd6 for more effec

6natural 6 for user s:

Most gestures are neither natural nor easy to learn or remember. Few are innate or readily

pre-disposed to rapid and easy learning. Even the simple headshake is puzzling when cultures
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intermi x [ é&] More important, g aldar successful | ack cri ti
humancomputer interaction. Because gestures are ephemeral, they do not leave behind any

record of their path, which means that if one makes a gesture and either gets no response or

the wrong response, there is little information avadablhelp understand why. The requisite

feedback is lacking. Moreover, a pure gestural system makes it difficult to discover the set of

possibilities and the precise dynamics of execution. These problems can be overcome, of

course, but only by adding comt@nal interface elements, such as menus, help systems,

traces, tutorials, undo operatiofp) and other for

Starting with the second half of the Twentieth Century, the advancements in

technology conceptually and practigae-d e f i ned &6Vi sual Feedbacko
of digital musical instruments. The implications of this paradginift became a real
6gaeameanger 6 for both musicians and the audi

possibilities for the former and new performea experiences for the latter.

Visual feedback in newnusical instruments (Fels & Lyon2009 module C, p.

may refer to:

1 Visual appearance of the instrument
9 Visualization of the interaction

9 Visualization of the sound output

While the practical impliations of visual feedback offer infinite possibilities, it also

creates drawbacks and potential risks. For traditional acoustic instruments, once the

musician develops a certain level of control and proficiency over the instrument

(6FI owd i n sion Burzik, 2002) the ipteraeton becomes intuitive and it

is always possible to perform without having to look at the instrument. From this
perspective these instrbumedt s nstnurmentrsedf ean
i nteractionbindheyeo&déterom&. 6However, in the
instruments, majority of the information, which the musician needs in order to

perform before (setp) and during the performance is transmitted through visual

cues. Thus, it is literally not possible fdretmusician to interact with the instrument

without constantly looking at the interface. This is a new interaction model, which

has no foundation concerning existing music making traditions. Thus, it potentially

creates problems especially for classicaiyned musicians.
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OMeaningdéd of visual cues being transmitt
When the visual feedback is mapped properly within the musical interaction, the
visualization of that interaction makes sense to both the performgoasibly to the

audi ence. I n ot her words, visual feedba
However, when the visual cues are way too abstract, or unrelated with the musical

interaction they interfere (Figure 2.18) with the performance and become a

O0dtirsacti oné, both for the performer and t
\ as a ‘Facilitator’
! ~ .
INPUT VISUAL FEEDBACK OUTPUT
Controller Domain Mapping Domain Sound Domain
Figure218Repr esent ati on of Vi sual feedback as an o6lnterfer
2.2.7 Musical Expressivity
I n the broadest sense, OExpressivityo i s

consensus in the literature regarding neither its definition nor dynaxpsessivity

has been mythicized due to strikingly different definitions by different authors in

time (Williamon, 2004; p248). According to Williamon, this has led to the belief

that expressivity is a completely subjective quality, which cannot (or should not) be
described in scientific terms (Hoffren, 1964; Howard, 1989; as cited in Williamon,

2004 p.248).Bui | di ng o ROOE)defintioneott Expaeksiviydt he act o
communicating mefami ng her pirerpdsagod of t he
Expressivitydo is defined as: The act of
message or naming. In the context of musical interaction, expressivity concerns

both the sound (musical outcome) and the physical gestures of the performer.
Consequently, expressivity of a musical performance becomes a subject matter,

which involves both the performand the audience (Fels et al., 2002).

Musicians manipulate or combine various physical dimensions of sound to achieve

an expressive performance. These dimensions can be temporal (duration of musical
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notes), volume related (loudness related nuances)h toatated (also called
Ovoicingod; Il nvol ving different | evel s of pr
articulation related (involving the relationship between how consecutive notes are

played; e.g. disconnected vs tied to each other). Dependingeonatiaire of the

instrument, the performers may use multiple parts of their bodies to achieve these
dimensions in their playing. The shift from acoustic musical instruments to

electronic/digital music instruments offer new possibilities in this regard lhs we

Consequently, expressivity becomes equally important for the audience because it

enables the listeners to identify the subtle differences in the feeling or meaning that is

being conveyed by the musician. Especially concerning classical music repertoir

where different performers play the same mu
way, expressivity becomes a critical identifier of an interpretation. Thus, musicians

are able to communicate their unique musical identities through an expressive

performance.

In the context of new musical instrument design, the technical basis of expressivity is

achieved by gesture recognition and mapping (Retah,1997; Fels et al., 2002).

While a transparent mapping alone does not guarantee achieving expressivity (Fels et
al., 2002)fiét he more transparent t heehederigepi ng i s,
can potentially bg¢ € ] Expressi vi tiyexpressionmisocomplgyyand ant eed

transmr ency facil (pp.d80BEH®. expressiono

[ é] However, because traditional acoustic musical
between an instrument and the performance gesture applied to it, if one wishes to model this

expressivity, in additin to modelling the instrument itself-whatever the
technique/algorithmone must also model the physical gesture, in all its complexity. (Rovan

et al., 1997p. 69.

In traditional acoustic instruments, the range and diversity of gestures are determined
by the physical limits of the instrument (i.e. mechanical system, form factor). In
contrast, new musical instrument designers are free to map any kind of gesture to any
type of sound output (Arfiket al, 2005). Additionally, Arfib et al. further propose

that expressiveness in the design of electronic musical instruments is not restricted to

producing expressive gestur es; t he gesture
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themselves, but they have to enable the generation of expressive sounds. Another
criterion fa measuring the expressivity of a musical instrument is its flexibility to be

used to play diverse music styles.

The expressiveness will be correlated with the ability of an instrument to allow the performer

to adapt his playingsitwe amweoinda&Ixti f £t]r vAme nétedx
be said to be an instrument, which allows a performer to follow other musicians in various

musical directions. (Arfib et al., 200p. 128.

According 010 thedeois d ‘comrfich (belief that more hargblay

i nstruments | ead to richer and more sopt
that expressivity does not really imply difficulty, and in that sense, one of the
obvious research trends in new musical instrument design can be the creation of

easyto-use and, at the same time, sophisticated and expressive instruments.

According to Juslin2003) OExpressiond refers to a se
reflect psychophysical relationships bet
Osubjectived (or, r at kWependentpoilgressondi thee b u't
listener Juslin (2003) also proposes that expression resides on a diverse set of

factors, which are limited to neither the performer nor the music itself:

[ é Jexpression does not reside solely in the acoustic properties of the music (different
listeners may perceive the expressiliffierently), nor does it reside solely in the mind of the
listener (different listeners usually agree about the general nature of the expression in a
performance). Expression depends on both of these factors, in ways that, although complex,
can be modedld in a systematic fashiofp. 279

Juslin (2003) further discusses a more restrictive approach to expression that is
common in research, which proposes that music is expressive of a certain quality
only to the extent that there is some minimum levelagfeement among the
listeners. Thus, a link between expression and communication also becomes
significant:
The concept of communication (of emotion, for instance), in contrast, goes further: accurate
communication, | believe, requires that there is tmth per f or mer 6s i ntenti o
specific concept and recognition of this concept by a listener. Perhaps, it may seem strange to

talk about communication accuracy in the context of music. Still, most performers are

probablyi or should bei worried abait whether their musical interpretation is actually
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perceived by listeners the way they intended it. (What is the purpose of a specific
interpretation if every listener fails to perceive it?) The performer may, for instance, wish to
highlight an emotionakharacter that is latent in the composition. The extent to which

performer and listener agree about the emotional expression of the performance could

pragmatically be seen as a measure of the accuracg cbthmunication.p, 277

Juslin (2003) states thia the main reason behind the problematic nature of

expressivity in_a research contextis a large set of complicated reebrid

relationships, which need to be taken into account in order to fully understand,
evaluate or measure expressivity. These relaligps are not limited to the performer
and the instrument; they are in fact part of an extensivesygtem including the
performer, instrument, audience, (musicjmposition and context. Jusimoposes

a comprehensive 061 i stich mdy-infpancipabinflaefice ( Tabl e 2.

expressivity.
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Table2.2 Examples of factors that might influence expression in music performance (Juslin, 2003)

Type

Examples of factors

Piecerelated

Instrumenirelated

Performetrelated

Listenerrelated

Contextrelated

The musicatomposition itself
Notational variants of the piece

Consul

tations

Musical style/genre

Acoustic parameters available

with composer or

Instrumenispecific aspects of timbre, pitch, etc.

Technicaldifficulties of the instrument

The per
The per
The per
The per
Theper f o
The per
The per
The per
The | is
The | is
The | is
The | is
The 1 is
Acoustics

— =k =  —h

— =  —h

t
t
t
t
t

or mer

or mer

o r meEpressve sfylmmot i on

or mer
mer 6 s
or mer
or mer

or mer

ener 0

eerpertisé

o

ener

o

ener

(@}

ener

Sound technology

0

0

0

(@)

n nu u u ou

S

S

structur al i nt ¢

expressive intce

s techn
mot or
s mood

i cal skill

precision

while pl a)

sperformere r acti on wi t

S

perception of /i
music preferencce
musi c
personality
current mood
state of attenti

Listening context (e.g. recording, concert)

Other individuals present

Visual performanceonditions

Larger cultural and historic setting

Whether the performance is formally evaluated
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2.2.8 Augmented Musical Instruments

One popular convention in new musical instrument design is to augment musical
instruments with computers, high technology/legacy controllers and a diverse variety
of sensors. In other words, designers pair processing power and conventional
controllers thragh wired or wireless protocols with acoustic or electronic musical
instruments or other devices in order to alter, improve or extend the inherent
capabilities of musical devices. From this perspectugmented instruments can be

a bridge between tradinally established musical instruments and novel digital
interfaces (Schramrmet al.,2018) Extendedexpanded, electronically excitesimart,

hyper, metaandhybrid are among the terms that are used to define different types of
augmented musical instruments based on various technological interventions.
Irrespective of technological variations, augmentation heavily relies on the
implementation of sensors. Hence, Medsiand Wanderley (2014) present very
useful information in their comprehensive review of sensors in relation to sensor
technology and application in the context of musical instrument design and musical

interactions.

Schiesser and Schacher (2012) state tthea design and development of augmented
instruments can be traced back to the days when the miniaturization of computing
technologies enabled electronic components (e.g. tiny computers;aoitirollers,
sensors and transducers) to be added to musisaliments. In regards to form
factor, augmentation of musical instruments can either be embodied similar to
acoustic instruments or they can physically separate the controller interface from the

sound generator.

Musicians and designers may have many different reasons to augment existing

musical instrumentsin order to enhance controlSchiesser& Schacher, 2012),

extend sonic capabilitiegPardueet al, 2019) or tor e pur pose the perfor
existing skill and tehnique on a traditional instrumeriPardue et al., 2019). The

augmentation can be done in order to improve perfemstrument interaction, to

explore alternative sound generation methods, or b@bhramm et al., 2018)

Furthemore, an augmented musicaktrument may also be designed in relation to
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realize a specific musical composition or a live musical performance (McPh&rson
Kim, 2012).

An example of an augmentedSvamp@adoamat ; t
et al, 2019) is presented indtire 2.19:

Figure2196 Svampol in (Pardue et al., 2019)

However, when the instruments are augmented with controllers that feature
excessively with multiple knobs or sliders, this strategy gives birth to sophisticated

and complex user interfaces instead of musically inspired ones. Additionally,
musicians may neketo consult a user manual in order toget learn, memorise and
eventually use these instruments. Concepts associated with traditional acoustic

i nstruments such as O0i mmedi ate sound ger
not apply to this group of struments unless the musician is already very

experienced with similar kinds of gear.

Pattenet al. (2002) point out interaction problems caused by the complexity of such

augmented user interfaces:

Knobs and sliders are almost too modular: musiciansdsp@re time remembering what
each knob does than focusing on the performance. Furthermore, these interfaces lack an

expressive character, and it is difficult to control multiple parameters at (@ndel8)
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Schiesser and Schacher (2012) express similarecos:

Depending on the degree of awareness necessary to control these additional layers, the
instrumentalist may face a lack of mental resources necessary to play at the same time an

acoustic instrument and a controller at a virtuoso level.

2.2.8.1 Augmenting Existing Musical Instruments

Augmenting existing musical instruments has been a very popular research interest
since the early days of new musical instrument design. Many diverse pizased
research studies have been carried out to augment traditiooastia, electric,
electronic and even ethnic musical instruments. Noteworthy examples include:
augmentediolin (Overholt& Gelineck, 2014; Pardue et al., 2018gssical guitar
(Meneseset al, 2018; Morrealeet al, 2019), double bass (Liontiris, 2018),
violoncello (Eldridge & Kiefer, 2017),mandolin (Turchet& Barthet, 2018)piano
(Berdahlet al, 2005; McPherso& Kim, 2012; Dahlstedt, 2015; Grani&i Dooley,
2019), timpani (Sello, 2016), drums (Champion & Zareei, 2018),clarinet
(Normarket al, 2016),trumpet (Reidet al, 2016; Neill, 2017)saxophone(Flores,

et al, 2019),flute (Heller et al, 2017),trombone (Snyderet al, 2018)traditional

South American plucked string instruments (Brazilian Cavaquinho, the
Venezuelan Cuatt the Colombian Tiple and the Peruvian/Bolivian Charango)
(Arango & lazzetta, 2019)didgeridoo (Hindle & Posnett, 2017)trombo marina
(medieval instrument) (Baldwiet al, 2016) digital keyboard (Dahlstedt, 2017;
Dahlstedt2019), and @gheremin (Gibsa, 2018).

2.2.8.2 Augmenting Non-Musical Objects

Augmentation is not necessarily limited to existing musical instruments. There is an
ongoing trend within the new musical instrument design community to sonically
augment nommusical objects. Since it is possiblke transform any object into a
musical instrument with the integration of various electronic components and
sensors, a diverse spectrum of prototypical research reveals extremely unorthodox

sonically augmented objects. The main motivation behind augmembimgusical
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objectsisbasedogi vi ng obj ects a 0 (Delle Menachetthr ou gh
al, 2008; Van Troyer, 2@®). Furthemore, theseeveryday musical instruments
(Delle Monache et al., 2008) are most often easy to use, easy to engage and inviting

for musicians with different levels of experience.

One of the earliest examples in relation to evenjdaymedia is a project carried out

by Mase and Yonezawa (200Who sonically augmented clothes, water and stuffed
dolls to create augmented musical instruments. Similarly, Sataal (2012) used
sand and water through their prototypical instruments called Dirty Tangible
Interfaces. Other liquid based augmentedrimsents have been designed by Lerner
(2017) and Arbekt al. (2019) who created an electromagnetically excited musical

instrument with several partfylled wine glasses.

Dell e Monache et al.o6s (2008) research o
VanTr oyer 6s (2012) tangible step sequence
percussive musical instruments both provide novice users means for musical self
expression and immediate engagement. Similarly, Gerhard and Park (2012) propose
a devi ctehecailnsetdandt i nstrument anywheredo (

metal object to transform it into a musical instrument.

Other diverse examples of sonically augmented objects ingheshetulum (Henson

et al, 2012),a spray can,which uses the spray pdaiart metaphor (e.g. spray, grip,
shake, swing, draw, mask) to generate sourrirk( & Lee, 2013),authentic
museum artefacts(geological samples and fossils) (Bow& $Shaw, 2014)games;
chessboard (Tveit et al.,2014)peg solitaire (Keatch, 2014)dice used in tabletop

role playing games(Berndtet al, 2017), Ru b i k 6 gMamonbet al, 2018),
computer keyboard (Waite, 2015; Nash, 2016)ypewriter (Lepri & McPherson,
2018),iron and wooden ironing board (Schedelet al, 2019),a wooden tobacco
pipe (Feldtet al, 2015), in which the interaction is based on breath control; using
sips and puffs as control inputicycle wheels and a skateboardLind & Ny | ®n
2016) as a collaborative musical instrumelaipr and its knobs(Kleinberger& Van
Troyer, 2016). Stretching possibilities even further, Broetnal. (2015) used a 3D
model obtained from CT scans ofdmosaur skull (Corythosaurus) to design a
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musical instrument and sound installation based on the hypothesised sounds of the

extinct dinosaur (fjure 2.20).

Figure2206 Rawr ! 6 being played at Arizona State Universityds Emer g:¢

Augmentation can also be done in the opposite direction. Bowers and Archer (2005)
proposethe concept of infranstruments; a species of instruments in total contrast to
numberless design led research efforts on augmented-hypeta and cyber
instrume nt s . B o we r sdesignted resdarch daevngéades the abilities of
various conventioal musical instruments by physically breaking them down to their
components and +euilding them up with restricted interactions through the
integration of various sensors. Resulting instruments feature a low ceiling for
virtuosity, however, the authorsgae that they are extremely easy to use. Bowers
and Archer further propose that especially for musicians who use-aeulte
performance settings, the restricted interaction techniques ofimstraments enable

the performer to free one hand for othmrrposes; such as engaging with other

instruments and devices.

2.2.9Wearables

Wearable insumentsi o r shor t | yi odnsteuseanaidmporeast @part of
research concerning new musical instrument design. While gloves seem to be the
most popular wearable instruments, the possibilities are not limited to hands.

Substantial amount of research has been carried out in order to explore new
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interactions, gestural possibilities and musical expressions utilizing the whole of the

human body as a controller and musical instrument.

One of the pioneering and most famous wearable instrumehs is h e | Wai svi s
0 The Hragordz2d) (Krefeld1990; Torreet al, 2016). Exhibited by Waisvisz
in 1984 for the first timeThe Handg(Figure 2.22) is composed of a pair of data

gloves equipped with a diverse array of sensors.

Figure2.21 Michel Waisvisz performing with The Hands (photo credit unknown).

Waisvisz designed and developed hands for almost a quarter of a century through an
iterative process, resulting in three versions (Torre et al.,, 2016). One interesting
aspect of this wearable imngiment is that while the third and definitive version is a
fully finished product, which considers both design and comfort of wearability, all
three version o he Handsare wired instruments. However, Torre et al. explain that
this was an informed choiceather than being dictated by the technological

challenges concerning the wireless communication protocols in the early 2000s.
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Figure2.22 The Hands version 3 (Photo courtesy of Daniel Buzzo.) (Tomk,&016).

Left-hand data glove on the left; righind data glove on the right. Laleel components:

pitch keys (a), pressure sensor (second pressure sensor in same location as f) in right hand
(b), clip microphone (c), one of the three ultrasonic remsiv(d), potentiometer (e),
ultrasonic transmitter (g), a close up of the thumb momentary switches (h), side of the four
character display board (i) (Toree et al., 2016)

The Hands paved the way for generations of instrument makers who have been

inspired byWai svi szé6s work and followed in his fo
examples are-utureGrab(Hanet al, 2012), a wearable hand controller which maps

human vowepronunciationto hand gesture§oundglove¢Lai& Ta hi r oj | u, 2012) ,
three different glove nistruments designed to enhance the communication flow

between the performer and the audiendandController (Pardue& Sebastian,

2013) a new wearable hand interface designed to feature detailed control of audio

and visual parameterginger-Synth(Dublon & Paradiso, 2014), a musical bracelet

and set of rings, which enable its player to generate sound by touching any surface in

their environmentGlove (Myllykoski et al, 2015), a musical glove designed and

developed for musipedagogial use; Kontrol (He et al, 2015), a wearable hand

controller designed for physical gesture acquisition for Gugin (a 3000-giehrs
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Chinese fretless stringed instrument) performah@mu (Brown et al, 2016), a
gloveless musical interface using a wnsbunted leap motionGhostfinger(De
Jong, 2017) a dynamic auedisual fingertips controllerAlto.Glove(Thorn, 2018) a
glove controller designed to extend performance abilities on a violin;Lands
(Sardaneet al, 2019) a glove controller designed to interact with an emsme high

density speaker array environment.

The Mi.Mu. Gloves (Heap, 2013)the brainchild of technology innovator and
Grammy artist Imogen Heap, deserves special attention for being one of the very rare
new musical instruments, which received glolealognition and commercial success.

Mi . Mu. Gl oves all ow the performer to 6é6sc
(Voutsinas& Haefeli, 2017) Accor di ng t o t he MiMn.Gtovres ment 6
(Figure 2.23) offer unparalleled expressive control fothbcomposition and live
performance.Mi.Mu. Gloveshave been developed by Imogen Heap alongside
researchers at the University of the West of England in Bristol and since its
introduction in 2013 Mi.Mu. Gloves have been used by vocalists, pianists, beat
boxers, guitarists as well as artists controlling live visual projections. The instrument

has also been used by Ariana Grande on her world tour in 2015 (mimugloves.com).

Figure2.23Imogen Heap, during a germance with her Mi.Mu. Gloves (Youibe).

In addition to hand controllers, various research projects have been carried out
unigue approaches to wearables. Examples in@dutdebands (Nymoenet al, 2015;
Jenseniugt al, 2017; Martinet al, 2018),full -body suits (Wilcox, 2007; Vetter&
Leimcke, 2017; Bhumbaeat al, 2017; Lamounieet al, 2019),shoes(Murray-Leslie

& Johnston, 2017; Konovaloet al, 2017)
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Hattwick et al. (2014) explore four different manufacturing approachestisanal,
building block, rapid prototyping and industrial to create what they term as
prosthetic instrumentg§Figure 2.24); wearable controllers designed to be worn as
hypothetical prosthetic extensions to the body with unique constraints and
opportunities beyond thenes available in conventional interactive dance systems.
Hattwick et al.discuss prosthetic instruments from the perspectives of both aesthetics

and professional performance.

Figure2.24 Violinist Marjolain Lambert plays the Ribs on dancer Sophie Breton (&d)hie Breton wearing the Visor (right).
Photograph credit: Michael Slobodian.

A most unique approach; PkayGrill (Chacin, 2011) combines a digital music

player with a grill (mout piece jewellery) (Figure 2.25). As the instrument is worn

over the teeth, sounds can be transmitted through bone conduction hearing instead of

headphones or speakers.
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Figure2.25 Functionality of PlayA-Grill (Chacin, 2011).

2.2.10 Virtual (Software) Musical Instruments

Virtual instruments (al so kKmoeswmrm uane ngd afot) w
to existence thanks to the advancements in the fields of computer science and various
engineering disciplinesSilicon based CPUs and increase in speed/capacity of
memory and storage, contributed to the creation ofissftuments. The spectrum of

virtual instruments features a wide range in regards to complexity, function and use
context. On one pole of this spean, very capable and extremely sophisticated
software instruments (e.g. Max/MSP) provide musicians unlimited means for
composition, live processing and live performances. On the other pole, exists daily
increasingi at an astonishing ratemu s i ¢c ad deawelsoped for var
platforms (i.e. smart phones, and digital tablets) with-treemdly graphical user

interfaces (GUI), most of which are aimed at bringing musaking together with
novice/hobbyist users. One of the most widespread andreadived examples of

mobil e musi cal a p p &ang, 2009 Tou Use Ocarinafhe ar i n a
performer blows into the microphone of the iPhone, while using different fingerings
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to control pitch, and the accelerometer to control vibfgigure 2.26) Furthemore,
Ocarina allows performers from around the world to share music through a

centralized network

(@)

Ocarina

Figure226Smul eés Ocarina in action (Wang, 2009).

However, in most cases, the virtual instruments designed for professional use
contexts require an advanced level of computer language and coding skills. An
example of a complex Max/MSP instrument patch is shown in Figure 2.27. These
prerequisites make iwvery challenging for musicians to interact with the soft
instruments intuitively. Most often than not, musicians are required to consult
manuals and tutorials in order to fully understand, learn and use these instriments
their full capacity. Furthenore as these instruments require a hardware platform to
run such as laptop computers, digital pads or smart phones; keyboard mouse and
touchscreen interactions replace musically inspired and intuitive interfaces and thus,

become unfamiliar territory espediafor traditionally trained musicians.

To review numberless musical software and apps would be beyond the scope of this
thesis. Hence, this section will focus on research efforts, which employ creative and
uniqgue approaches as well as pracbesed studis that try to improve issues
common with laptop and touchscreen interactions. There exists a substantial amount
of research aiming to improve the shortcomings of these devices not only for the

audience (as mentioned in the Stakeholders section) butrfoenpers as well.
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Figure2.27 Max/MSP software GUI of a virtual instrument patch.

Taking a usecentred approach, Tanalka al. (2012) conducted an online survey
with music technology practitioners who have been using mobile phones musically,
to inform the design of new mobile music apps. Themes sudim#ation of the
touchscreen, lack of consistency in sensor input, lateetyonked possibilities, tey

like music applicationsThe authors report that by combining the aforementioned
dimensions into higtevel themes such dsrustration to Potential, Workflow and
Expressivity they reached two main areagvice interactiorandsocial interaction.
Based on these findings, Tanaka ef(2012)proposé a mobile application with an
adaptive graphical display interface that divides the mobile music workflow into

composition and performance modes.

Berthautet al. (2013) acknowledgé¢he opacity of interactions in electronic music
performances with laptop computers and propose a mneady display system and

a 3D visualization application in order to reveal the mechanisms of digital music

i nstruments by ampleéesithivinual exiemsiohsoof samsors 0
and representing the sound components with 3D shapes through dynamic graphical
displays to the audience.
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Park and Nieto (2013) address the lack of haptic feedback in touchscreen controllers

and propose an eas$y-build robust and expressive system calfedissimo (ff)

which provides forcdeedback for interacting with mobile musical instruments. Park

and Nietobs proposal i's very smart in the s
construction composed of an angulptacement of foam padding and an
accelerometer to effectively captu+e the pre
time (Figure 2.28). The system maps the accelerometer readings to musical

parameters such as tremolo, vibrato, and velocity. Howewvece she proposed

system cannot improve the material properties and homogeneity of the touchscreen,

the common problems related with touchscreen interaction (i.e. tactile richness,

micro-control) remain to be solved.

foam

press

tablet l Y&
tablet

Figure2.28 Typical fortissimo setup, from a top view (left) and side view (right) (Park and Nieto, 2013)

Saier (2014) argues that current control paradigms concerning touchscreen musical

interfaces do not require the same level ofsital effort, which in turn negatively

affects the musiciansd6 experience in relati
enjoyment. Hence, Sar proposesRub Synth;a touchscreen musical instrument

with an exertion interface; which features artificial phgb difficulty and an

intentionally inefficientinteraction. According to $@r, creating physical difficulty

can enhance user experience dpwing greater bodily expression, kinaesthetic

feedback, more apparent skill acquisition and performer satisia

Similarly, Berdahlet al. (2016) explore ways to improve haptic interactivity of
touchscreen interfaces through the electromagnetic actuation epriied
conductive vibrotactile tokens. The authors use interaction metaphors such as:
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plucking virtual harps and strings and crossfading with a joystick, with different
tokens in order to test their prototype on mobile devices.

Lim and Yeo (2014) further extend the performing abilities of mobile musical
instruments to conducting. The authors proposeptace the conducting baton with

a smartphone, through mobile music interface calfg@estro;which can capture
conducting motions, enabling the conductor to control the tempo as well as improve

traditional cueing for different instruments/sectionshaf érchestra.

Meacham et al. (2016) explore unconventional ways to interact with laptop
computers in order to improve performiestrument interaction and pleasure in use,
based on familiar musimaking metaphors. The authors ggast that
recontextualizig existing musical gestures offer new aesthetic and expressive
possibilities for commodity hardware. TileL a pt o p Aitdize® thedopemingd

and closing of the laptop screen as a physical metaphor for the stretching and
compression of accordion bellovasd the laptop keyboard as a musical buttonboard
(Figure 2.29). The system uses the laptop camera for motion tracking and maps this
interaction to the volume of the re@he sound synthesis. Meacham et al. also

propose that repurposing widedyailable omputing devices are approachable for

inexperienced musicians as well.

Figure2.29 The Laptop Accordion (Meacham et al., 2016)
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Cavdir et al. (2019) approach the subject matter with very similar concerns, and

explore ways to take advantage of the physical affordances of laptop computers. The

authors explore innovative ways to make use of 4iilaptop components such as

microphones, camerastackpads keyboards and accelerometers and discuss the

evolution and evaluation of three embodied physical laptop instrum€aggop,
Armtop and Blowtop T he names of t he Il nstrument s S
respective gestures and bodily interactiofegtopd s I nt er acti on model i s
built around the trackpaAnitepbuhdslonTaptomuch r ecoc
by adding a tether to the Il aptop interface
performer uses the trackpad for rale sound genetian while the arm swings

control the vibrato and tremolo effects on the sound through stretching and extending

the tether forwardBlowToppr i mary i nteraction wutilizes the
capture breath pressure in order to amplify a synthesizge fiound while the

instrument also uses tilt motion to detect movement in three directions through its
accderometer. Cavdir et aéxplain that all three instruments are essentially based on

existing traditional instrumentdArmTopis played through expssive gestures of

cello playing, BlowTop adopt a flute interaction where as the TapTop focuses on the

sound itself and uses a string instrument interaction. Through performances of

specific compositions, the authors also explore how these embodied tiotexac

affect the communication between the performers and the audience as well.

Wang (2016) on the other hand, explore the dynamics at the intersection of video
games and music; presenting observations and strategies for designingkgame
elements for xpressive mobile musical interactions. By discussing five popular
mobile music appsnfagic piano, magic fiddle, magic guitar, ocarina and leaf
trombone; collectively reaching 125 million users) through case studies, Wang
presents common goals akwer inhbition for musiemaking by presenting
expressive musical experiences as games, create satisfying corenmalsig
mechanics aimed to induce a sense of ,flamd motivate longeterm engagements
through social and peripheral gamificatioWang suggests tht gameike musical
interactions aim to invite and engage users while maintaining and encouraging

musical expression and exploration.
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Michonetal.( 2016), empl oy a design strategy be
mobile deviced anddeld hcyobnrtirdo | dhey sdoibasedl d npor e
musical instrument namdgladeAxe which partly uses the form factor of an electric

guitar (Figure 2.30). According to Michon et al., the instrument is fully standalone

and can be easily used on stage through atimmeto a traditional guitar amfikr or

a sound system. Furtheore, the instrument also features an acoustic plucking
system to provide the performer an extended expressive potential. Michon et al. also
suggest thaBladeAxepaves the way to a new ctasf instruments called mo b i | e

device based hybrid musical instrument?o

Figure2.30 The BladeAxe (Michon et al., 2016)

In a very similar approach, Michaet al.(2017) propose a framework for designing

and prototyping passive mobile device augmentations in order to transform mobile
devices to mobile musicalinsr u ment s . Mysterh rmakes ase of anloped s
source computer aided design (CAD) software tgo8Dt various augmentations for
mobile devices. These augmented prototypes include cases, generic passive
amplifiers, horns and mouthpieces, which not only alter the form factor of the smart
phones but also transform the perforsretrument interaction®tmore familiar and

musically inspired models.
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2.2.11 Collaborative Musical Instruments

Concerning traditional and mainstream musical instruments, -parfiormer

interactions on a single musical instrument is not a common convention. The only
exceptions beingccasional collaborations on a piano or percussiveEet which

are most often either composition specific
piano fourhands) or improvisational (spontaneous collaborations in jazz concerts)

contexts. It is reasonablo propose that one of the paradighifts surrounding new

musical instrument design led to the emergence of three classes of collaborative

instruments:

1. Single musical instrument performable by multiple musicians
2. ldentical multiple musical instrumenis communicating with each othér
performed by multiple musicians
3. Different musi cal i nstrument s 0tal king

communication protocols, performed by multiple musicians

Concerning the first cl ass,e bRt axamipleo | e ( Jor o

because it allows for both muliiser and singleiser interactions (Figure 2.31).

Figure2.31Reactable(J or d”, Gei ger, Al on3o, and Kaltenbrunner, 2 (
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However, some musical instruments are intentionally designed in such a way that
collaborative interaction is a prerequisite for proper operation and functionality.

Rotondo et al. (2012) explore this type of collaborative interaction through two
prototypia@l instruments called e e d bafdrBlarrel. F e e d bsRa tweplayer

instrument comprising two iPads. When the iPads face each other, the recurring
video feedback loop is used for sound generation. Barrel is performed by eight
symmetrical Gametrak controtke operated by eight performers arrayed around a

steel barrel. The ninth player who stands atop of the barrel assumes the role of
conductor, directing the remaining performers through varmgmstures. Rotondo et

al. report that relationships between thades of the performers has a significant

ef fect on communication between the perf
the performance.

Zamorano (2012) employs a similar approach and explores collaborative
performance possibilities aimed for rowusicians through a prototype interactive

sound system. The systeintitled Simpletones’ allows users to create simple
compositions in redime by collaboratively playing physical artefacts as sound
controll ers. Zamor ano uses ahl abnotreartaicotn
mandatory by physically configuring the artefacts to require coordinated actions
between the performers to control sound, hence emphasising on collectivity and
communication in musimaking.

Barracloughet al. (2014) explore collaborative intction through the modularity
concept. Their proposed systéantitled Modulomei is a modular controller with
application dependant use cases (Figure 2.32). Barraclough et al. acknowledge the
often criticized obscurity of electronic music performance$ waptops and smart
phones, and attempt to avoid this issue by using a variety of interactive and
interdependent hardware control modules, linked through wireless communication.

Figure2.32 Button-pad module (left), Encoder module (centre) and Fader module (right) (Barraclough et al., 2014)
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In the literature, most of the collaborative interactions based on multiple identical
instruments are based on mobile/smart devices due to their ahtgiladmd

technological capabilities.

Leeetal.( 2012) propose to use mobile 1 0OS device
collaborative instrument app call@ak!. According to the authors, users can make

acoustic music with Tok! By tapping their mobile phsnen flat surfaces. The

system is networked features a shared interactive music score to which, the users can

tap their phones and create a +t@ale collaborative percussion ensemble.

Tahirodu et al.(2013) explore the dynamics of collaborative intemwdi through a
system that uses mobile phones as tangible and expressive musical instruments in
parallel with a spatial system. The environment created by the mobile phones and
motion tracking technology enables performers to move and interact with each oth

with a twist: their social interactions also contribute to the sonic outcome.

Ramsay and Paradiso (2015) report a browssed collaborative audio feedback

control system title@GroupLoop As the system is based on laptops and connectivity,

it is suiteble for users across all skill levels and geographies. The authors suggest that

starting the interface is as easy as opening a browser on a laptop, but it provides

enough flexibility for complex sonic designs and virtuosic mastewythermore,

performerscan share their microphone stream with each other, while simultaneously
controlling the mix of ot her performersdé s
Ramsay and Paradiso explain that GroupLoop can be used by experienced players in

a shared space or bywices around the world through simultaneous linked remote

systems.

In a similar effort to explore remote collaborative interaction, Tanhal. (2015)

argue that social platforms can be used to change the world of music creation. The
authors report theiproject titled Massively Multiplayer Online Drum Machine
(MMODM), an online collaborative interface based on the Twitter streaming API,
which uses tweets from around the world to create and perform musical sequences
together in reatime. According to Tomeet al., users can create -h6at note
sequences across 26 different instruments through plain text tweets on a variety of

mobile cvices. Furtheno r e , user on the drum machinebds d
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the GUI to locally DJ the rhythm, filters and seqoe blending. The authors claim
that MMODM opens a new path towards synchronous musical collaboration between

users across a wide range of devices and cultures.

The collaborative interaction possibilities with new music making paradigms also
extend to soie augmentation of spaces. Knichet al. (2015) report their
collaborative tangible musical installation titl&esonatewhich allows visitors to

interact with different objects collectively to influence both the musical expression

and visual response tfie installation. Knichel et al. conceptualized the installation

as ahuge musi cal i nstrument r elsepsystemh iisng t o
composed of eight components with inbuilt speakers and a display. Tangible
interaction is provided through slic cords that were attached to each component

and the ceiling. Through ultraviolet illumination, these cords were turned into

attractive visual focus points inviting the visitors to collectively interact with them
(Figure 2.33).

Figure2.33 Resonate installation in a museum (Knichel et al., 2015).

Hattwick and Wanderley (2012) argue that much of the literature regarding the
creation of new musical instruments is focused on individual musical expressivity.
Hence, the authors propose a dimension space representation (Figure 2.34) of
collaborative approaches, which can be used to inform the evaluation and design of

future collaborative musical instruments and interactibhg.t t wi ck and Wand
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dimension pace presents six axetexture, equality, centralization, physicality,
synchronyanddependence.

TEXTURE

SNOUISOWOL] SNOUIFOIINIF]

<
9 &
S : N
o)
1 S
4 = <~
: &

PHYSICALITY

Figure2.34 Collaborative dimension space (Hattwick and Wanderley, 2012).

This chapter has surveyed théedature concerning new electronic musical
instrument design, exploring research efforts on theory building as well as key
concepts and dimension related with new music making paradigms and new musical

interactionsThe main reflections of this survey ae follows:

The roles of the stakeholders in new musical interactions are evolving. This
paradigm shift brings its particular complications as well as opportunities. Especially
concerning the audience, -coeation of/participation in live performances as
completely new territorgnd promises further immersion and engageniemntay be
interesting to propose thaesignerperformers and designrperformercomposers
can be considered as a new generation

agrees o the problems of longevity and isolation in regards to their creations.

It seems that controllers (i.decoupling dominate the future of musical instrument
design thanks to the flexibility they offer to musiciangelation to thediversty of
use cotexts creative intentionsand musical genresPersonalization and

customization has become common practise in the greater field of design and it
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seems musical instruments are no exception. Hence, controllers provide the users
mor e means andde sdisgpnaicnegd bfootrh rtehei r i nstrum

(i.e. soundfrom scratch.

While augmentation has been a familiar pracfmeacousticmusical instruments

especially during20th and 21stenturies( e . g . J vphepared pian@s) the

concept hasbeen taken to a totally different level thanks to the technology
intervention.The extent of the spectrum of augmented instruments; both based on
traditionali nstruments and everyday objects pr

sensorandprocessorsan lecome a musical instrument.

Vi sual interactivity has become twe pre
generation DMIs. In fact, visual feedback and fémmivard are a prerequisite for the

proper operation for mangf these instrument§ his is contrdictory to the existing

lineage of musical interactions and may cause adaptation problems especially for

musicians coming from traditional training/backgrounds.

Wearables (i.e. wearable instruments) and collaborative/collective interactivity are
conceptsthat are gaining more significancein connection to the exploration of

further expressiveness and creativitg.of t war e i nstrument s an
especially in the context of mobile coramcation devicesare among noteworthy

examples of this new spesief instruments, which owe their existence partly to the

technological progression of every day interactive consumer products.

Exploring theseoncepts in new musical instrument design also alerted the author to
the terminology likely to be used in the reseaihny of these key concepts formed
the foundation for the dimensions of new musical interactions and product/design

qualities which areidcussed as the main findings of this thesis.

The following chapters of the thesis focus on the employed research methodology,

the usefcentredexperiment, resultand the contributiamof the work.
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CHAPTER 3

RESEARCH METHODOLOGY

3.1 The Psychology of Personal Constructs

The methodological background ofighusercentredresearch is based on a theory
called &é6The Psychology of Personal Const
Kelly in 1955. Kelly suggests that all human beings strive to make sense of the

uni verse and interpret the whewdrdlaroorfd e v en

themselves.

In other words, every person has their own view of the world (theory) and they drive
hypotheses (expectations) from their own theories (personal construing). They then
subject those hypotheses to experimental testing (belmgvioodify their theory and

then the whole process is repeated again, becoming an ongoingFyeisellaet

al., 2004,p. 6).

This interpretation suggests that the act of construing is a dynamic process.
According to Kelly (1955), humans feel the needaastantly reshape and radapt

their interpretations of the world to confirm the validity of their interpretations and
better fit them to the changing circumstances and environments. The creation and re
creation of this implicit theoretical framework isdent i f i ed as an

Personal Construct SystefRransella et al., 2004. 5). As a personal system is

made up of a whole lot of constructs, such a system can be interpreted as a complex
conceptual grid, within which, events can be seen in dé@ftHy, 1959, p.13 as

citedin Fransella et 312004, p.7).
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3.1.1The Basic Theory

Kelly (1955)1 ai d down his basic theory through a
personos processes ar e psychologically c hat
anticipates evends and then elaborated upon this postulate with the help of eleven

corollaries.

Among Kel l yos e dorestvuetian coltany, odicHotamyicarddlary,
individuality corollary, commonalitycorollary andorganizationcorollary are directly

relevantto this research and thus, they will be explored further below.

3.1.1.1Construction Corollary

Humans look at the world through transparent patterns or templates, which they

create and then attempt to fit over the realities of which the world is composed.

Regardlss of how successful these attempts are; these templates or patterns are

call ed O0conk55rm&d). Kdly a(sireférd toyconstructs @ way in

which two or more things are alike and thereby differt f r om a t hird or moi
(Fransdh et al., 2004, pr7).

ARA person anticipates events by Sonstruing t

Construing. By construing we me an Apl acing an [
interpretation upon what is construed. He erects a struatitien the framework of which

the substance takes shape or assumes meaning. The substance which he construes does not

producethe structure; the person doéselly, 1955, p.50)

The commonal ity among all of domstudtsyailes def i nit
bipolar. According to Kelly we make sense of our world by simultaneously noting

likeness and differences and it is in this contrast that the usefulness of the construct

subsits (Fransella et al., 2004,7p.

3.1.1.2Dichotomy Corollary

ARA personds construction system is composed
constructso.b59)( Kel l vy, 1955, p.
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Kelly argues that it is more useful to see constructs as having an affirmation pole and

a negative pole rather than see them as concepts egodas of a unipolar pole
(Bannister& Fransella, 1986, pl2). Thus, it is the bipolarity of a construct that

di stinguishes it from a 7hBaomstereapdiFtanséll&Er ans
(1986, p.12) also suggest that it is often the oppopbple of a personal construct that

gives the clear meaning of a that construct. The bipolarity in constructs allow us to

envisage a variety ofelationships between thenas they can be correlated or

logically interrelated in many ways.

3.1.1.3Individuality Cor ollary

APersons differ from each other i55). their

Bannister and Fransella argue that the fundamental mystery of human psychology is
covered by the question: O6Why i s ont t ha
behave in different ways?0. The answer |
actually not in the same situation because each of us sees our situation through the

0 g o0 o gfloer pdrsonal construct systesmnd t he Operceived sin
deiive from having same experiences, but because people have placed the same
interpretations on the experiences they have(h886,p. 10).

3.1.1.4Commonality Corollary

Even though the commonality corollary seems to contradict the individuality
corollary, they actally complement each other. While people differ from each other,
there is a possibility that there may be certain respects in which persons can be
construed as being like each otfi€elly, 1955, p. 91-92).

ATo the extent t hat udonefexperieneeowhichdsmsimiaoy s a
to that employed by another, their processes are psychologically similar to those of
the other ples55,980m. 0 (Kelly
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I f a personds processes are psychanticipgtéscal 'y chann
events, and if he anticipates events by construing their replications, it may seem obvious that
we are assuming that, if two persons employed the same construction of experience, their

psychological processes would have to duplicate each @tk#y, 1955, p.90).

3.1.1.50rganization Corollary

Kelly (1955)suggests that not only do man differ in their construing of events, but
they also differ in the ways they organize their constructions of events. While being
relatively more stable than the indivaluconstructs themselves, the construction
system which is composed of those individual constructs is also dynamic and ever
changing (p56).

Each person characteristically evolves, for his convenience in anticipating events, a

construction system embragirdinal elationships between construdi€elly, 1955, p56)

Additionally, Kelly (1955, p. 57-58) also states that this construct system is of

hierarchical nature, where there may be mlamgls of ordinal relationships between

the constructsPeoplesystemize their constructs, by arranging them in hierarchies or
abstracting them further, through creating
Osubordinated6 relationships G3ctamsellaet t he con:
al., 2004, p9).

Thissectionofthnecapt er br i ef | ysychologylofpersenakconsteudtsl y 6 s p
theory only through the points, which are relevant te rasearch. The next section

of the chapter explores the practical applications of the theoretical framework, which

is based on a nReperooy@riol Teocghyn icgau el 6e.d 6

3.2 Repertory Grid Technique

Kelly (1955 first introduced theéRepertoryTesb (or Rep Test) as a new diagnostic

instrument, which was an attempt to apply the theoretical thinking behind the

psychology of personal constructs to the practical needs of the psychotherapist

(p. 219. Kelly (1955)i ni ti ally called this methodol ogy
Testd (or shortly Rep Test) and he stated t
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eliciting personal constructs; designed to be used in a clinical or preclinical setting.
The test soon became to be known as the
p. 95) suggests thatepertorygrid technique (from hereon RGT) is not independent

of the personalconstructtheory (Banniste& Fr ans el | a, 1986) ; i n

fundamentapo st ul at e forms the basis for RGTOs

Kel l yoés Fundament ala Ppoesrtsuolnabtse psraoycse s s bat ar e
channelized by the ways in which &eticipates eventsThat underpins the repertory grid.

The ways are the constructs of a repertory grid, and éventsare the elements. The

technique of the repertory grid thus involves defining a set of elements, eliciting a set of

constructs that distguish among these elements, and relating elements to constructs.

In order to further el aborate on the met
repertory grid) is required. Fransella et al. (2004) suggestititbis actually another
way Kellyuss t o state his theory of per sonal

theory in actionbo.

Now let us turn to a personal system made up of a whole lot of constructs. Such a system is
compl ex, or , if you dondét mi n évertshcan bé seenim, a co
depth or in their psychological dimensions (Kelly, 19591p.ascited in Fransella et 3l

2004, p.7)

Feixas and Cornejo (2002) define the rerg
capture the dimensions and structure of pedsoname ani ng o . Rat her

60t est 6, RGT can be consi der&Gbmeps2002; st r u.
Fransella et al 2004) which is designed to reveal the constructs with which persons

understand, interpret and organize their experiencezoithld they live in.

I n the organization coroll ary, Kelly (109
organized as part of a hierarchical and integrated system. Bannister and Fransella
(2004)propose that a grid is a way of getting individuals toytell, in mathematical

terms, the coherent picture they have afy given set of element.(48).
Furthermore, Bell (2003), suggests that this elicitation may result in both qualitative

and quantitative dat a. AThe ithe eomdtrictsy o f
provide qualitative information while the relationships between the constructs and

el ements may be interpreted as quantitat

does not only elicit a per soitsdeaabeotmest r uc
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researcher to explore the structure of and the interrelations between those constructs

that form any particular construct system.

Regarding RGTo6s flexibility, Feixas and Cor
completely standardized likether psychological tests and therefore it must be
designed and adapted based on the researche
research and the types of assessment that will be carried out. A good understanding

of how the RGT is administered and ars&lgl, is required in order to make the

decisions which determine the scope or focus of the grid as well as the type of

information that will be obtained at the end of the study.

Basically, a full repertory grid consists of three parameters: (i) a series

of elementghat are representative of the content area under study, (ii) a set
of personal constructhat the subject uses to compare and contrast these elements
and (iii) arating systenthat evaluates the elements based on the bipolar arrangement
of eachconstruct (Feixa& Cornejo, 2002). Similarly, Eastert®mith (1980) define

these three parameters as: el ement s6 that
wi | | be based; 6constructséb, which are the
differentiatingb et ween t he el ement s; and a o6linking

how each element is being assessed on each construct.

Bannister & Mair define O6gridé as: AAny f or
assessment of relationships which yields these pricha&ayt a i n matri x for mo (
136; ascitedin EasterbyS mi t h 1980) . Additional l vy, Smith
consider elementas being the objects of people's thoughts, and constructs as the

qualities that people attribute to these objects (19%&itad in EasterbySmith,

1980) . Foll owi ng Kel | yrdexongtrac®epestorytest,the gi n a | gr i
format of the repertory grid is defined by a tdinensional matrix, where the

column data is composed of the elements and the row datamposed of the
participantdés bipolar constructs, and a Omec
elements (Easterb$mith, 1980). These three parameters; (i) Elements, (ii) bipolar

constructs and (iii) linking mechanisms that form a repertory geddascussed as

follows.
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3.2.1Elements

Kelly defines el ements as Athe things or
and considers them as one of the 187 or mal
as cited in Fransella et al 2004, p.15). In a epertory grid, elements are the
components which are evaluated by the participants and they set the context of the
grid. Thus, the selection of elements must be based on the aspects of the

i ntervieweeods const r&CGomgo,20@2). be eval uated

In the clinical field, elements are usually the people who are representative of the
subjectds world (e.g. role titles such a
1955; Feixas& Cornejo, 2002; Fransella et.,aR004). However, Fransella et al.

(2004) suggest that elements can be almost anything such as objects, products, or
artwork, etc. Elements can also be specifically designed for the repertoryngad

study by Fransella (197&s citedin Fransella et al., 2004) a standard body shape

(for bothgender¥was altered by an artist, specifically for the repertory grid, to range

from extreme thinness of a person with anorexia nervosa to extreme obesity.

Regarding the selection of the elements, the common practise is for the investigator

to sdect them for the participant (Fransella et aD04). Fransella et al. suggest that

there are two important criteria for choosing elements for a repertory grid. The first
criterion is that the elements must be homogeneous (EasSerltly, 1980); in other

words, they must be selected within the same range of convenreaisof interest

(Yorke, 1985,as cited in Feixas& Cornejo, 2002). Kelly (1955) mentions this
requirement i n his [[Elemegteshauld beonthindghe sangas f o

ofconeni ence f or t lfFeansellaetgl004).ct s usedo

The second criterion is for elements to be representative of the area being
investigated (Easterb$mith, 1980; Fransella et.al2004), in other words, they
should eflect the context (Yorke, 1988scitedin Fransella et g312004).

In addition, Easterbymith (1980) propose a third criterion stating that if the same
grid is to be completed by a group of people, it is important to ensure that all the
people in that group are able to relate directly to the elements specified. Yarke als

supports this view, stating that the elements must be easily understood by the subiject,
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must be coherent with those already employed by the subject, and must be within
his/her capacity to understand (1985¢iad in Feixas& Cornejg 20032.

In the congéxt of ths research, musical instments were the obvious choice for

6el ement s6 because they fulfil all three sel

1. They are within the range of convenience
be the basis for the construati of design strategies and guidelines for new
musical instruments),

2. The musi cal i nstrument s, which are wused
specifically chosen to represent the broader area of new musical instrument
design,

3. Thanks to the participant selext criteria, all professional musicians are able

to relate directly to the musical instruments.

3.2.2 Constructs

As stated in Section 3.1.1.2, the essential attribute of constructs that allows the

construction of a repertory grid is their bipolarity. Kelly (b9%lescribes poles as

foll ows: AEach construct involves two pol es,
elements associated at each pole are like each other with respect to the construct and

areunlikeelment s at t (pd370t her pol eo

There are twanain methods to select the constructs to be used in a repertory grid: (a)

the researcher provides previously selected constructs to the participants and (b) the

constructs are elicited directly from the participants (Fe&ornejo, D02). Feixas

and Conejo state that while providing preelected constructs is a more suitable

approach for discovering commonalities within a group of respondents, the latter

method is more preferable for studies with an idiographic focus, where the elicited

constructs arerpobabl y more represent atmeangso f the pa
(AdamsWeber, 1990ascitedin Feixas& Cornejo, 2002). Bell (2003) also suggest

that from a purely Kellyian perspective, the technique would seem to demand that

the constructs be elicitdtbm thepersonsince they argersonakonstructs.
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As this research intends to cahpesacond musi

method, which is based ogliciting constructsdirectly from the participantds

considered to benore suitable fothe purposes and context of thiesis Thus, the
approaches and proceduriesrelationto generating constructs through participant

elicitation will be further elaborated.

3.2.2.1Elicitation of Constructs

There are three approaches for eliciting constructs from participanttiad)c

eliciation, (ii) dyadicé€licitation and (iii)laddering angbyramiding.

3.2.2.1.1 Triadic Elicitation

The classical approach to generating constructs is by triadic elicitation (Byaster
Smith, 1980). This is also the original method used by Kelly (FefxaSornejo,

2002). Triadic elicitation method involves simultaneously presenting three elements
to the participant and he/she is invited to evaluate in what ways two elements are
alikesimilar and thereby the third element is different from the other two (Kelly,
1955, p.222; Easterbysmith, 1980; Bannistef Fransella, 1986; Feixas Cornejo,

2002; Fransella et al2004). Each time the participant is able to successfully
generate an awer, a dichotomous construct with two contrasting poles is created.
The procedure continues until the participant is no longer able to generate a new
construct based on the existing triad of elements. Then, the researcher replaces the
existing triad witha new one in order to elicit new constructs. According to
EasterbySmith (1980), the selection of triads may affect the final grid. Thus, the
researcher should either choose the triads on a genuinely random basis or
intentionally decide the triads, whichave the highest potential to bring out the
greatest contrast in the elements available. Eastemiith further propose that it is

also important to give all elements roughly equal durations in order to avoid
distortion on the final grid, since more freqtlgrused elements can dominate the

type of constructs being produced.
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3.2.2.1.2 Dyadic Elicitation

The alternative approado the traditional triadic elicitation is through the use of
dyads (pairs of elements) tead of triads (Landfield, 197&ascited in Fransella et

al., 2004; Keen& Bell, 1980, ascited in Easterbysmith, 198). Dyading becomes
preferable when the participants have difficulty generating constructs from triads;
when the elements are complex (Easte®hyith, 1980). Landfield provide imilar

view proposing that the elicitation procedure based on two elements is a less
confusing task for the participanis psychotherapy research (197ds cited in
Fransella et al., 2004). Dyadic elicitation method involves simultaneously presenting
two elements to the participant and he/she is invited to ansivether they are alike

or different, and what makes them alike or differ@dsterbySmith, 1980). If the
participant reports a difference, the opposite poles of a construct are instantly
identified (e.g. simple vs complex), where as, if the participant reports a similarity,
then the participant is asked for the opposite of that similarity (Fransella et al., 2004).
While Yorke suggests that the dyadic procedure is more likely to elicit cleasitgpo
poles on the same semantic or hierarchical level (1985, F&ix@srnejo, 2002),
EasterbySmith (1980) offes a contrasting view, claiming that the disadvantage of
the dyadic procedure lies in the fact that the resulting constructs tend to incorporate
logical opposites (e.g. simplot simple, attractiv@ot attractive), rather than

opposites of meaning (e.g. simydephisticated, attractivaull).

3.2.2.2Laddering and Pyramiding

Laddering and pyramiding are not steedldne methods instead, they are used in

conjunction with triadic or dyadic elicitation procedures. As previously stated, Kelly

(1955, . 57-58) mentions the hierarchical nature of a construct system in the
organization corollary, where hexplairs t h e Osuperordinated and
relationdips between the constructs (Kelly, 195558; Fransella et al 2004, p.9).

Laddering and pyramiding procedures are used in order to reveal these superordinate

and subordinate constructs by moving away from the original construct in opposite

directions First mentioned by Hinkle (1965), laddering is used in order to generate
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superordinate constructs based on the original construct elicited from the participant.
The procedure is as follows: After the construct is elicited in the usual manner

through eitler triadic or dyadic procedures, the participant is asked which pole of the

construct he/ she prefers. The researche
participantods answer iI's a new construct
constructand withahiger or der of abstraction. The ¢

the researcher until the participant is no longer able to produce a new superordinate
construct (Easterbgmith, 1980; Fransella et al., 2004).

Pyramiding, suggested by Landfield (1971185;ascitedin Fransella et al., 2004),

on the other hand, uses a similar procedure, where the usual elicitation procedure is
followed by the researcher asking a 6Wh
produces a new construct subordinate to the origoradteuct and it is more concrete

i n nature. Similarly, foll owing the part
secondary O6How?6 question may generate a
more detail, such as the physical characteristics oflément being elicited. As an

example, Honikman (1976; agtedin Fransella et al., 2004) used pyramiding in his
study where he i nvest irgoms$ adhe wasalpeltocebce v i e

constructs involving physical characteristics of the elgmef a livingroom.

Fransella et al. (2004) suggest that whi
|l adder , Landfiel dos pyramiding takes hi
pyramiding are equally useful for further understanding the hierarchy an

interrelations between a persondés constr.

3.2.3Linking Mechanisms

The final parameter of the RGT is the rating system, which acts as a linking
mechanism between elements arwhstructs (Easterb@mith, 1980. When the
elicitation procedure is completed and the repertory grid is constructed, the elements
form the columns while the constructs elicited from the participants form the rows.

The values placed within the grid originate from the rating system used.
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Three main method¢EasterbySmith, 1980 Feixas & Cornejg 2002) can be
employed for a rating system:

1. Dichotomous method

2. Ranking method (alternatively termed as

Cornejo)

3. Rating scale

3.2.3.1Dichotomous method

The dichotomous metidl involves the participant to place all elements on either of

the contrasting poles of the construct throt
for the |l eft pole and a-Smith, 198BG).sAecorflimgito t he r i gh
Feixas and Cornej(2002) dichotomizing, a twpoint scale, is the simplest rating

system and the method is recommended for use with children or participants with

cognitive deficits, where more complex methods cannot be applied. In addition,

Kelly suggested the risk of amibalance, caused when the majority of elements lean

towards one pole of the constructs, leaving only one or two elements on the opposite

pole; a situation that requires the constructs to be discarded due to their poor
discriminative capacity (Feixa& Correjo, 2002). Easterb@mith (1980) mentions

that dichotomous scales tend to be more useful for hand analysis or if the grid is to be

used for discussion purposes. A representation of the dichotomous scale is presented

in Table 3.1.

Table3.1 Example of a dichotomous scale

Element1 | Element2 | Element3 | Element4 | Element5 | Element6 | Element?7

Positive Negative

Pole "H H H "H "H "H H Pole

3.2.3.2Ranking (Ordinal) method

The ranking (ordinal) grid was first suggested by Phillida Salmon and described by

Bannister as being employed mainly in order to avoid the disadvantages of the
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dichotomous method (Feixa& Cornejo, 2002). The ranking method requires the
participant to ordr all elements from one pole of the construct to the other. Since the
elements are ranked and ordered between the two construct poles, the same score
cannot be repeated for more than one element (Eas$enitir, 1980). While the
ranking method offers mordiscriminative power compared to the dichotomous
method, the participants may also be forced to score elements differently when in
fact there they see no difference between them based on the elicited construct
(EasterbySmith, 1980; Feixa& Cornejo, 2002 Additionally, the application of the
ranking method becomes more difficult when the number of elements increases
while the mathematical analysis of the grid is also limited to a certain number of
elements for some software (¥a&s & Cornejo, 2002). A representation of the

ranking (ordinal) scale is presented in Table 3.2.

Table3.2 Example of a ranking (ordinal) scale

Element1 | Element2 | Element3 | Element4 | Element5 | Element6 | Element 7

Positive (rd) (st) (th) (nd) (th) (th) (th) Negative
Pole 3 ! 4 2 5 ! 6 Pole

3.2.3.3Rating scale

The rating scalés the most widely used method among the three alternativesagre

& Cornejo, 2002fransella et al., 2004). The participants are instructed to rate the
elements based on a Likéype scale where the minimum and maximum values
represent the opposite construct poles. Fransella et al. (2004) mention that Bannister
developed theratingdcae b ased on Kell yds original di
thetwop oi nt scale to a longer one. Whil e t
points to 20 points, increasing the number of intervals provide the participants more
scope to express their vieyransella et al., 2004) and allow them to make more
sensitive discriminations and increase the complexity of their elicitatiomsag=

Cornejo, 2002). Fransella et §2004) suggest that a-pgoint scale is a commonly

used length because it yields more comprehensive data Wdolem@viding a mid

point. Feixasand Cornejo (2002) also support this view by suggesting that based on

their experience,-point intervals are prefeloée. A representation of the rating scale

is presented in Table 3.3.
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Table3.3 Example of a rating scale

Element1 | Element2 | Element3 | Element4 | Element5 | Element6 | Element?7

Positive 6 6 4 1 4 3 2 Negative
Pole Pole

For the purposs of ths research, ariadic elicitation method was selected in order to

elicit constructs from the musicians. In addition, the author used laddering and
pyramiding in combination with triadic elicitation due to these method abi | i ty t o
producesuperordinate andubordinate constructs as well as furthevealng the

hierarchy and irgrrelations within the musiciad construct system Finally, a 7

point Likertscale was employed for musicians to rate their constructs.

3.3 Persmal Construct Theory and Design Research

Even though Kelly developed thiegychology ofpersonalconstructétheory and its
practical applications to be used in clinical psychology, the flexibility of both the
theory and the RGT made the personal construct theory a point of interest for many

other disciplines such &$Cl, education, design, business and markettc.

Especially in the last couple decades, considerable amount of research has been

conducted through RGT imdustrialdesign as well.

Seneret al. (2006) used RGT to elicit user expectations from audio products. The
study revealed similarities and differences in user expectations regarding physical
(portable digital audio devices) and virtual (audio player software applicatiads)

products. Semeet al . 6s study was the first of its
method to compare products in physical and virtual domains.

In their study, Fallman and Waterworth (2010) note the artificiality of assessing the

emotional impact of interactiver@ducts in isolation from cognitive judgments.

Hence, they present RGT as a candidate for
interactive experiences through a study they conducted using betiegtielf and

research prototype mobile information tectogyl devices. They propose RGT as an

open and dynamic techniquen the border between qualitative and quantitative

researchwhi ch can qualitatively &elicit peopl ebs
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also allowing for quantitative analysis of the data. Falliewach \WWaterworth conclude
that RGT is unique in the way that it respects the wholeness of cognition and does

not separate the intellectual from the emotional aspects of the user experience.

In their automobile design research Normark and Gkouskos (20&#)imed RGT

with a series of four workshops, in order to propose an alternative method for
capturing user 06s needs and experiences
automobil es. According to Normark and G
cars, highlitnt an emergent need for the careful selection of added functioaatity

of features thatcanfulfi t he dri ver s needs without coc
enjoyment. They suggest that RGT takes into consideration both the intellectual and

the emotionh dimensions of user experience and thus reveal a broader picture

regarding usero6s needs.

To investigate the perceived qualities of-lwody inteactive products, Kuru and

Erby (2013) used the RGT in order to determine what will lead users to avoid or
appoach these new technologies. The authors used conceptual designs for wearable
phones in order t@apturethe meanings and relative importance of the qualities,

which were elicited from the users through RGT.

In her PhD dissertation, Akbay (2013) empldy®GT in order to shed some light on
the idiosyncrasy and peculiarity of i nd
Akbay, the results of the research can be actionable for design professionals who

make use of colour samples in colour design and colannmg.

Baxteret al.(2014) discuss the usefulness of RGT as a method used in new product
devel opment to help uncover customersd h
on three case studies from their own work to show that RGT can be applied
effectively at different stages of product development process; resulting in entirely

new products, product improvements and new approaches to marketing.

3.4 Featuresof PCT and RGT in the Context of Design Research

There are many underlying reasons for employpegsonalconstructtheory and
RGT in the context of design research. The most important advantages of RGT are:
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